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PENNSYLVANIA  RAILROAD  COMPANY 

TEST  DEPARTMENT 

LOCOMOTIVE  Testing  Plant 

AT 

ALTOONA,  PENNA. 


TESTS  OF  AN  E2A  LOCOMOTIVE 


1910 


Pennsylvania  Railroad  Company 


LOCOMOTIVE  TESTING  PLANT 

AT 

Altoona,  Penna. 

1910. 


Tests  oe  “E2a'"  Atlantic  Type,  Simple  Locomotive. 
Pennsylvania  Railroad  Company. 

BULLETIN  No.  5 


Copyright,  1910,  by  Pennsylvania  Railroad  Company. 

The  original  program  of  tests  that  was  planned  by  the 
Pennsylvania  Railroad  Company  to  be  made  on  the  Locomotive 
Testing  Plant  at  St.  Louis,  in  1904,  included  tests  of  one  of  the 
Company’s  simple  passenger  locomotives  of  the  Atlantic  type 
with  D valves*  and  a locomotive  of  this  type  was  prepared 
and  held  in  readiness  for  the  tests,  but  as  the  time  at  St.  Louis 
was  not  sufficient,  these  tests  could  not  be  carried  out. 

That  tests  of  a simple  two-cylinder  passenger  locomotive, 
made  under  the  same  conditions  as  were  maintained  in  the  tests 
of  the  four-cylinder  balanced  compound  passenger  locomotives, 
would  be  of  particular  interest  has  been  apparent. 

Upon  the  completion  of  the  Testing  Plant  at  its  permanent 
location  at  Altoona  this  locomotive  was  placed  upon  it,  and  the 
Pennsylvania  Railroad  Company  now  makes  public  in  the  follow- 
ing  pages  the  results  of  such  a series  of  tests  as  was  formerly 
contemplated. 

This  locomotive.  No.  5266,  has  been  tested  by  the  same 
methods  and  under  as  nearly  as  possible  the  same  conditions, 
using  the  same  kind  of  coal  as  with  the  locomotives  tested  at  St. 
Louis,  so  that  comparisons  are  possible  with  these  former  tests. 
As  the  methods  used  in  testing  are  given  in  detail  in  the  report 
of  the  St.  Louis  tests,  no  extended  description  of  them  will  be 
given  here. 

♦ See  “Locomotive  Tests  and  Exhibits,”  P.  R.  R..  St.  Louis,  1904. 
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Description  or  the  Locomotive. 


Locomotive  No.  5266  is  of  the  Atlantic  type  with  two  simple 
cylinders  and  is  known  as  the  “E2a”  class.  It  is  identical  in  all 
respects  with  the  other  locomotives  of  its  class  and  may  be  taken 
as  representative  of  a large  class  of  passenger  locomotives  used 
on  the  Pennsylvania  Railroad  in  regular  service. 

The  locomotive  was  built  in  1904  and  has  seen  considerable 
service  since  that  time.  In  preparing  it  for  the  tests  it  was  taken 
into  the  shop  and  the  boiler  thoroughly  cleaned  and  new  tubes 
put  in.  New  tires  were  put  on  the  driving  wheels  to  bring  them 
up  to  the  regular  diameter  of  80  inches.  The  machinery  was 
thoroughly  overhauled  and  put  in  good  repair.  The  cylinders 
were  found  to  be  sm.ooth  and  they  were  not  rebored.  The  loco- 
motive was  then  placed  upon  the  plant  and  run  for  some  time  to 
get  the  bearing  surfaces  in  good  condition  before  beginning  the 
tests. 


Before  the  tests  were  completed  the  front  driving  wheel 
tires  had  become  flat  in  one  place,  due,  probably,  to  a soft  place 
in  the  tire,  and  the  locomotive  was  removed  from  the  plant  and 
the  tires  of  the  driving  wheels  turned. 

The  general  dimensions  of  the  locomotive  are  given  below : 

Total  weight,  in  working  order,  lbs 184,167 

Weight  on  drivers,  in  working  order,  lbs..  110,001 

Cylinders  (simple)  size  inches 20^4^26 

Diameter  of  driving  wheels,  inches 80 

Fire-box  heating  surface,  square  feet 156.86 

Heating  surface  of  tubes  (water  side) 

square  feet  2,471.04 

Total  heating  surface  (based  on  water  side 

tubes),  square  feet 2,627.90 

Total  heating  surface  (based  on  fire  side 

tubes),  square  feet 2,319.26 

Grate  area,  square  feet 55.5 

Boiler  pressure,  lbs.  per  square  inch 205 

Valves,  type Wilson  double  ported,  slide 

Valve  gear  Stephenson 

Fire-box,  type Wide,  Belpaire 

Number  of  tubes 315 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 180 
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The  maximum  calculated  tractive  efifort  at  starting  is  22,500 
pounds  with  80  per  cent,  of  the  boiler  pressure  available  as  mean 
effective  pressure  in  the  cylinders.  This  is  equal  to  136.6  pounds 
per  pound  of  mean  effective  pressure  in  the  cylinders. 

The  ratio  of  weight  on  drivers  to  the  calculated  maximum 
tractive  effort  is  4.9  to  i. 

Generai.  Arrangement  oe  Locomotive. 

Figure  918  shows  the  general  arrangement  of  the  locomotive 
and  the  location  of  the  instruments  used  in  testing. 

BoieER. 

The  boiler,  Figure  920,  has  no  very  unusual  features;  it  is 
of  the  Belpaire  type  with  a wide  grate  and  sloping  back  head  and 
throat  sheet.  The  water  spaces  have  been  arranged  with  the  idea 
of  promoting  good  circulation.  There  is  no  brick  arch,  but  there 
is  what  may  be  called  a combustion  chamber,  though  it  is  of  small 
volume.  This  combustion  space  is  increased  by  the  dead  grate 
at  the  front  end  of  the  grate.  The  feed  water  is  delivered  to 
the  boiler  through  the  back  head,  with  an  internal  pipe  to  deliver 
it  to  the  front  end.  There  is  no  superheater  or  feed  water  heating 
device.  The  boiler  is  of  steel  throughout  with  plain  tubes. 

Smoke  Box. 

The  arrangement  of  the  draft  appliances  and  netting  in  the 
smoke-box  is  shown  in  Figure  921. 

The  diaphragm  is  perforated  and  is  fitted  with  the  usual 
movable  lower  part.  There  is  an  inside  stack  reaching  down 
nearly  to  the  centre  of  the  smoke-box.  The  exhaust  nozzle  is 
single  and  the  tip  is  below  the  centre  line  of  the  smoke-box.  The 
steam  pipe,  or  branch  pipe,  is  a single  pipe  in  this  locomotive  in 
the  centre  of  the  smoke-box. 

Neither  the  diaphragm  nor  the  nozzle  was  changed  during 
the  series  of  tests. 

Grate. 

The  grate  is  of  the  usual  rocking  finger  type  (see  Figure 
922)  and  can  be  shaken  in  four  separate  sections.  At  the  front 
end  there  is  a section  of  the  grate  without  air  inlets,  or  a “dead 
grate”  about  18  inches  wide.  The  grate  is  practically  level. 
There  is  a drop  grate  section  at  both  front  and  back  of  the  fire- 
box. The  active  shaking  part  of  the  grate  has  an  area  of  about 
31  square  feet,  while  the  total  area,  including  the  whole  space  at 
the  top  of  the  grate  up  to  the  boiler  sheets,  is  55.5  square  feet. 
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Soon  after  the  tests  were  started  it  was  found  that  with  the 
damper  in  the  ash-pan  open  the  air  inlet  was  not  sufficiently  large 
for  tests  of  heavy  load  and  the  inlet  area  was  increased  by  cutting 
holes  in  the  ash-pan  sides,  so  that  the  area  of  inlet  for  air  was 
increased  from  2.3  square  feet  to  6.3  square  feet.  This  latter 
area  was  found  to  give  not  more  than  seven-tenths  of  an  inch  of 
water  vacuum  at  full  load  tests. 

It  is  probable  that  the  area  of  opening  in  the  ash-pan  that  is 
required  on  the  Testing  Plant,  where  the  locomotive  is  stationary, 
is  in  excess  of  what  would  be  necessary  to  give  similar  draught 
conditions  where  the  locomotive  is  in  service  on  the  road,  though 
data  is  not  at  hand  to  determine  this. 

The  coal  used  in  the  tests  of  No.  5266  was  the  Scalp  Level 
coal  as  used  in  the  tests  at  St.  Louis.  The  average  analyses  for 
the  two  series  of  tests  are  given  below : 

Tests  of  No.  5266 


St.  Louis  Tests. 

at  Altoona. 

Fixed  Carbon 

75.85  per  cent. 

76.25  per  cent. 

Volatile  combustible. 

16.25  “ 

16.13  “ “ 

Moisture  

•9  “ 

1.60  ‘‘  “ 

Ash  

7.00  “ 

a 

6.02  ‘‘  “ 

100.00  “ 

i6 

100.00  “ “ 

'Sulphur  determined 

separately  

.90  “ 

i( 

.94  “ " 

B.  T.  U.  per  pound  of 

coal  

15025 

1 5 143 

In  the  following  tables  and  plots  the  items  of  most  general 
interest  are  given,  while  the  complete  records  of  the  tests  are 
shown  in  the  appendix. 

The  conditions  under  which  the  tests  were  made  were  selected 
in  the  following  manner:  The  reverse  lever  latch  was  placed  in 
the  notch  which  would  give  the  least  possible  cut-off  in  the  cylin- 
ders, and  with  fully  opened  throttle  and  constant  speed  a test  was 
run.  Then  the  reverse  lever  was  advanced  to  the  next  notch, 
giving  a longer  cut-off  and  another  test  run.  This  increase 
of  cut-off  was  continued  until  at  this  speed  the  boiler  would  fail 
to  supply  steam  at  approximately  working  pressure.  This  pro- 
cess was  then  repeated  for  the  next  higher  speed.  Thus  the 
tests  show  the  performance  of  the  locomotive  for  almost  its  whole 
range  of  action.  The  higher  power  tests  at  each  speed  showing, 
with  certain  exceptions,  the  power  that  the  locomotive  is  capable 
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of  delivering  for  a considerable  length  of  time,  such  as  two  or 
three  hours  or  the  time  required  for  a run  over  a loo-mile  division 
of  road. 

This  method  of  testing  the  locomotive  under  conditions 
which  could  be  sustained  for  a considerable  time,  while  it  is  the 
only  fair  method,  does  not,  of  course,  give  the  much  higher  power 
that  could  be  shown  for  a test  of  short  duration,  where  the  re- 
serve power  of  a boiler  full  of  heated  water  is  drawn  upon  for  a 
short  time  without  using  the  injector  to  keep  up  the  supply.  It 
will  be  noted  that  in  all  of  the  tests  that  the  injector  was  in 
operation  practically  all  of  the  time  of  the  test.  (See  item  No. 
226  in  appendix.) 


TESTS  ON  ATLANTIC  TYPE,  SIMPLE,  LOCOMOTIVE  NO.  5266. 


CUT-OFF  IN  PER  CENT.  OF  STROKE. 

FIG.  901. 


It  has  been  the  custom  in  locomotive  tests  to  obtain  a certain 
fixed  evaporation  for  each  square  foot  of  heating  surface  or  a 
certain  quantity  of  coal  burned  per  square  foot  of  grate  surface 
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before  ending  the  test,  so  that  the  total  quantities  would  be  ap- 
proximately equal  for  tests  at  either  light  or  heavy  power. 

While  it  cannot  be  said  that  any  fixed  method  was  rigidly 
adhered  to  in  these  tests,  an  endeavor  was  made  to  obtain  an 
evaporation  of  30  pounds  of  water  for  each  square  foot  of  heat- 
ing surface  or  a total  of  approximately  70,000  pounds,  though 
no  tests  were  made  of  more  than  three  hours  duration.  At  speeds 
of  240  and  280  revolutions  per  minute  many  difficulties  arise  that 
limit  the  possibility  of  making  successful  tests,  so  rather  than 
incur  the  risk  of  having  to  stop  the  locomotive  with  a test  uncom- 
pleted, the  time  of  these  high  speed  tests  was  reduced  to  an  hour 
or  an  hour  and  a half.  As  data  throughout  the  full  range  of 
the  boiler  capacity  can  be  determined  at  the  intermediate  speeds, 
there  is  little  gained  by  running  these  high  speed  tests  longer  than 
is  required  to  obtain  enough  readings  to  determine  the  perform- 
ance of  the  engines  of  the  locomotive  and  the  draw-bar  pull. 

BOILER  PERFORMANCE 

General  Conditions — Table  No.  901. 

The  data  for  the  tests  in  tables  901  to  908  inclusive  are 
TABLE  No.  901— GENERAL  BOILER  CONDITIONS. 


j Identification 
of  Test 

miration  of  Test, 
Minutes 

Average  Pressure 

Lbs.  Per  Sq.  Inch 

Av.  Temp. 
Degrees  F. 

Total  Coal  Fired 
Per  Sq.  Ft.  of  Grate, 
Lbs. 

Te«t  Number 

I>aboratory 

Designation 

toiler 

Pressure 

Atmospheric 

Pressure 

Testing 

Plant 

Feed 

Water 

(Cal) 

(217) 

(221) 

(208) 

1 (211) 

j (Cal) 

901 

80-I5-F 

180 

201.3 

14.06 

61.0 

48.0 

92.5 

902 

80-2  0-E  . 

180 

200.1 

14. 10 

64.0 

46.4 

105.8 

904 

80-25-E 

180 

198.5 

14.19 

65.0 

48.0 

118.9 

908 

12'0-20-F 

180 

201.0 

14.06 

69.3 

48.5 

134.1 

913 

100-<15-F 

180 

198.0 

14.24 

60.0 

45.2 

151.6 

914 

160-20-F 

180 

202.9 

14.30 

55. '5 

43.7 

166.6 

906 

80-30-F 

180 

20'2.6 

14.15 

59.0 

40.0 

160.3 

910 

120-25-F 

180 

200.5 

14.12 

61.8 

47. '6 

182.2 

920 

2 00-2  OF 

150 

202.0 

14.12 

53.0 

42.6 

171.1 

916 

100-2'5-F 

150 

200.0 

14.37 

46.5 

42.2 

195.5 

923 

240-15-F 

90 

196.4 

13.97 

60.5 

40.8 

138.8 

912 

120-3  0-F 

; 150 

202.7 

14.10 

64.0 

42.2 

182.1 

917 

160-27-F 

{ 180 

188.4 

14.15 

60.0 

46.8 

262.3 

924 

■240-20JF 

60 

197.5 

14.04 

61.0 

40.5 

111.2 

927 

280-15-F 

'60 

194.4 

14.03 

51.5 

41.0 

91.3 

922 

200-25-F 

72 

202.1 

14.30 

54.0 

41.8 

109.2 

918 

160J30-F 

60 

1 

186.1 

14.11 

61.5 

50.1 

101.6 
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arranged  according  to  the  equivalent  evaporation  per  hour  (item 
344,  table  No.  902),  as  this  is  a convenient  index  of  the  rate  at 
which  the  boiler  is  working.  The  average  steam  pressure  (item 
217)  can  best  be  studied  by  reference  to  the  graphical  logs  of  the 
tests  where  the  variations  in  pressure  at  each  lo-minute  interval 
are  shown.  The  pressure  reading  was  obtained  by  means  of  a 
sensitive  gage  mounted  near  the  locomotive  and  connected  to  it 
by  a flexible  pipe.  The  gage  has  been  found  to  give  better  service 
in  this  position  than  when  mounted  on  the  locomotive  and  ex- 
posed to  the  heat  of  the  boiler.  A correction  was  made  in  the 
gage  reading  for  the  head  of  condensed  steam  in  the  gage  connec- 
tion pipe. 

As  indicated  in  column  21 1,  the  feed  water  temperature  was, 
at  times,  as  low  as  40°  F,  making  a difference  between  the  actual 
weight  of  water  evaporated  per  hour  and  the  equivalent  evapora- 
tion of  as  much  as  4,983  pounds. 

The  last  column  of  table  901  gives  the  total  coal  per  square 
foot  of  grate  for  the  whole  time  of  the  test.  In  two  tests  only, 
the  quantity  is  below  100  pounds. 

Evaporation — Table:  902. 

This  table  shows  the  rates  at  which  the  boiler  delivered 
steam  to  the  engines,  and  it  also  shows  the  range  of  this  delivery 
and  the  practical  limitations  upon  the  boiler  capacity.  Starting 
with  an  evaporation  of  14,673  pounds  per  hour,  the  rates  per 
Four  advance  by  fairly  even  stages  until  an  evaporation  of  about 
30,000  pounds  is  reached.  Where  an  evaporation  of  30,721 
pounds  per  hour  is  shown  in  test  918  the  steam  pressure,  as 
shown  by  the  graphical  log  for  this  test,  could  not  be  maintained 
and  the  upper  limit  of  boiler  delivery  was  exceeded  in  this  test. 
The  boiler  may  be  expected  to  deliver  a maximum  of  30,000 
pounds  of  Steam  per  hour  with  this  coal  and  these  draught  ar- 
rangements. The  quality  of  the  steam  does  not  vary  greatly 
from  a mean  of  about  98.5  per  cent.,  or  practically  dry  steam, 
and  the  results  do  not  indicate  that  a greater  amount  of  moisture 
is  present  in  the  steam  when  the  boiler  is  delivering  large  quan- 
tities of  steam  than  when  the  evaporation  is  low. 


TABLE  No.  902— EVAPORATION. 


Identification 
of  Test 

Water  and 
Steam 

Calorimeter 

Results 

M 

Test  Number 

Laboratory 

Desig-nation 

Duration  of  Tes 
Minutes 

Total  Lbs. 

Evaporated 

Pounds 

Evaporated 

Per  Hour 

Quality 

Steam  in 

Dome 

Quality 

Steam  in 

Branch  Pipe 

Degrees 

Superheat 

Branch  Pipe 

Equivalent 

Evaporation,  Lb 

Per  Hour 

(Cal) 

! (264) 

(340) 

! (228) 

' (229) 

(230) 

(344) 

901 

80-15^F 

180 

44020 

14673 

.9856 

1 .9983 

0 

17806 

902 

i 80-20-F 

180 

48226 

16075 : 

.9866 

.9997 

0 

19546 

904 

80-25-F 

180 

55536 

18512 

.9860 

1.0022 

4.00 

22466 

908 

120-20<F 

I 180 

6040'6 

20135 

.9860 

1.0024 

4.20 

24434 

913 

1604  5-F 

1 180 

62276 

20759 

.9864 

1.0055 

9.60 

25259 

914 

I6O-2O1-F 

1 180 

66120 

22040 

.9854 

1.0067 

11.72 

26851 

90'G 

80-30-F 

i 180 

67608 

22536 

.9845 

.9994 

0 

27519 

910 

12'0-'25-F 

180 

70001 

23334 

.9860 

1.0069 

12.08 

28330 

920 

2-00-20IF 

150 

65283 

26113 

.9856 

1.0098 

17.16 

31841 

916 

160-25-F 

150 

66090 

26436 

.9859 

1.0106 

18.57 

32246 

923 

24045-F 

90 

41048 

27365 

.9850 

1.0091 

15.93 

33383 

912 

120-30-F 

150 

09273 

27711 

.9851 

1.0071 

12 . 43 

33792 

917 

160-27-F 

180 

86010 

28670 

.9860 

1.0202 

35.51 

34793 

924 

240-26  F 

60 

28670 

28670 

.9860 

1.00'93 

16.29 

35014 

927 

■280-15-F 

60 

28890 

28890 

.9854 

1.00184 

14.73 

35240 

922 

2(>0-2i5-F 

72 

36360 

303  O'O 

.9859 

1.0127 

22.23 

36981 

918 

160-30-F 

60 

30721 

30721 

.9860 

1.0-218 

38.38 

37170 

Boiler  Power — Table  903. 

The  boiler  horse-power  (item  349)  is  based  upon  the  gener- 
ally accepted  unit  of  an  equivalent  evaporation  of  34.5  pounds  of 
water  per  hour  for  each  boiler  horse-power.  The  range  of  the 
tests  is  from  about  500  to  1,000  boiler  horse-power.  This  table 
shows  that  the  boiler  will  deliver  about  1,000  boiler  horse-power, 
which  is  at  the  rate  of  about  .43  of  a horse-power  per  square  foot 
of  heating  surface,  or  2.32  square  feet  of  heating  surface  per 
horse-power.  There  is  about  18  horse-power  delivered  per 
square  foot  of  grate  surface. 
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TABLE  No.  903— BOILER  POWER. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

Equivalent 
Evaporation,  Lbs. 

Boiler 

Horse-Power 

Test  Number 

Laboratory- 

Designation 

Per  Sq.  Ft.  of 

Grate  Surface 
Per  Hour 

Per  Sq.  Ft.  of  | 
Heating  Surface 
Per  Hour 

Total 

Per  Sq.  Ft. 

Heating 

Surface 

Per  Sq.  Ft. 

Grate 

Surface 

1 

(Cal) 

1 (Cal) 

(345) 

1 (349) 

(Cal)  j 

(Cal) 

901 

80-15-F 

180 

321 

7.G8 

51G.0 

.222 

9.30 

902 

80-20  (F 

180 

352 

8.43 

5GG.G 

.244 

10.21 

904 

80-2  5-F 

180 

405 

9.G9 

G51.1 

i .281 

11.73 

908 

120-20vF 

180 

440 

10.54 

708.2 

' . 305 

12. 7G 

913 

1G0-15(F 

180 

455 

10.89 

732.1 

1 .31G 

13.19 

914 

1G0-20-F 

180 

484 

11.58 

778.3 

1 .33G 

14.0'2 

90G 

80-30-F 

180 

49G 

11.87 

797.7 

.344 

14.37 

910 

120-25  ;f 

180 

510 

12. '21 

821.2 

.354 

14.80 

920 

200-20-F 

150 

574 

13.73 

922 . 9 

.398 

1G.G3 

91G 

1 G O-2  5-F 

150 

581 

13.90 

934.7 

.403 

1G.84 

923 

240-15-F 

90 

G02 

14.39 

9G7 . G 

.417 

17.43 

912 

120-30-F 

150 

G09 

14.  G8 

979.4 

.42.2 

17. G5 

917 

IGO-27.F 

180 

G27 

15.00 

1008.5 

. 435 

18.17 

924 

240-20-F 

GO 

G31 

15.10 

1014.9 

.438 

18.29 

927 

2.80-15--F 

GO 

G35 

15.19 

1021.4 

.440 

18.40 

922 

2'09-25-'F 

72 

GGG 

15.94 

1071.9 

.4G2 

19.31 

918 

1G0-30-F 

GO 

G70 

1G.03 

1077.4 

.4G5 

19.41 

Coal  and  Rate:  ol  Combustion — Table:  904. 

The  coal  fired  per  hour  ranges  from  1,665  6,101,  but  it 

does  not  follow  exactly  the  increase  in  evaporation.  This  can 
be  accounted  for  principally  as  due  to  variation  in  estimating  the 
depth  of  fire  at  the  beginning  and  end  of  the  test,  and  the  incon- 
sistencies are  most  marked  in  the  tests  of  short  duration.  From 
observation  and  as  indicated  on  the  graphical  logs,  the  rate  of 
firing  was  as  uniform  as  can  be  expected. 
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TABLE  No.  904— COAL  AND  RATE  OF  COMBUSTION. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

1 - 

Total 

Dry  Coal  Fired 

Fuel 

In  Pounds 

Rate  of 
Combustion 

Test  Number 

1 

Laboratory- 

Designation 

Total 

Combustible 

1 By  Analysis 

Dry  Coal  Fired 
Per  Hour 

1 Combustible 
■ Fired  Per  Hour 

Dry  Coal  Fired 
' Per  Sq.  Ft.  of 
Grate  Per  Hour 

Dry  Coal 

Per  iSq.  Ft. 
Heating  Surface 

Per  Hour 

(Cal)  i (235) 

(236) 

(338) 

i (Cal) 

(339) 

1 (Cal) 

901 

80-15^F 

180 

4994 

4723 

1665 

1574  ! 

30.00 

.718 

90'2 

80-20-F 

180 

5802 

5392 

1934 

1797 

34.85 

.834 

904 

80-25-F 

180 

G530 

G140 

2177 

2047 

39.23 

.939 

908 

120^20;F 

180 

73G5 

6926 

2455 

2300 

44.24 

1.059 

913 

160-15-F 

180 

8186 

7742 

2729 

2581 

49.17 

1.177 

914 

lG'O-20-F 

180 

8995 

8508 

2098 

2836 

54.01 

1.293 

906 

80-30-F 

180 

8797 

8212 

2932 

2737 

52.83 

1.264 

910 

120-25-F 

180 

100‘00 

9410 

3333 

3137 

60.04 

1.437 

920 

20'0-S.O^F 

150 

9235 

8735 

3694 

3494 

66.56 

1.593 

910 

lG'0-2:5-F 

150 

10552 

9981 

4221 

3992 

76.05 

1.820 

923 

240-15-F 

90 

7620 

7113 

5080 

4742 

91.53 

2.190 

912 

020-30  iF 

150 

9970 

9335 

3988 

3734 

71.86 

1.720 

917 

1G0-27-F 

180 

14405 

13547 

4802 

4516 

86.53 

2.070 

924 

'24'0-20-F 

GO 

GlOl 

5695 

6101 

5605 

100.93 

2.631 

927 

2-80-15-F 

GO 

5012 

4678 

5012 

4678 

00.31 

2.161 

922 

:20'0-25-F 

7i2 

5980 

5599 

4983 

4666 

89.78 

2.149 

918 

1G0130-F 

60 

5581 

5249 

5581 

5249 

100.58 

2.406 

Cinders  and  Sparks — Table  905. 

As  the  coal  used  in  these  tests  was  of  a friable  nature  and 
as  much  of  it  was  of  very  small  size  when  fired,  it  is  to  be  ex- 
pected that  the  quantities  of  cinders  and  sparks  will  be  large.  In 
test  918,  laboratory  designation  160 — 30 — F,  the  cinders  caught 
in  the  smoke-box  were  987  pounds,  and  this  quantity  was  suffi- 
cient to  fill  the  smoke-box,  which  is  not  of  the  self-cleaning  de- 
sign, so  that  the  draft  was  obstructed  and  the  boiler  failure,  which 
occurred  in  this  test,  is  directly  traceable  to  this  cause. 

The  calorific  value  of  the  cinders  and  sparks  is  high.  They 
represent  practically  unburned  coal,  and  in  view  of  the  large 
quantities  drawn  through  the  tubes  it  is  apparent  that  better  re- 
sults could  be  expected  from  burning  this  quantity  of  coal  on  a 
much  larger  grate  where  the  draft  action  need  not  be  so  intense 
in  order  to  burn  the  quantity  of  fuel  required. 
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TABLE  No.  905— CINDERS  AND  SPARKS. 


Identification 
of  Test 

Duration  of  Test,  j 
Minutes 

Total  in  T>bs. 
Per  Hour 

Calorific  Value 

B.  T.  U.  I’er  Lb. 

Test  Number 

! 

Laboratory 

Designation 

Cinders 

in 

Smoke-Box 

Sparks 

from 

Stack 

Cinders 

and 

Sparks 

of 

Cinders 

of 

Sparks 

I 

1 1 (Cal) 

(238) 

(239) 1 

(240) 

(250) 

(251) 

901 

80-15-P 

180 

52  1 

IG 

G8 

11713  1 

108G8 

902 

80-20-F 

180 

4G  ; 

10 

5G 

10370 

11784 

904 

80-25-P 

180 

82  1 

16 

•98 

12491 

11784 

9'08 

12'0^20-P 

180 

101  * 

23  ; 

124 

lOGOG 

8484 

913 

1G0-15-P 

180 

98  ' 

43  ' 

141  ! 

12770 

8910 

•914 

1G0-20-P 

180 

194  ' 

47 

241 

11048 

98G0 

906 

80-30-P 

180 

GG  j 

47 

113 

11291 

100G5 

910 

120-25-P 

180  ! 

236  1 

15 

251 

11194 

11017 

920 

200-20-P 

150  , 

204  1 

85 

289 

9471 

11378 

916 

16'0^2.5-P 

150 

30i2  1 

128 

430 

9287  ' 

9042 

923 

240-15-P 

90 

508 

84 

592 

1050G 

9299 

912 

12O-30-P 

150 

110  1 

153 

2G3 

11998 

12-057 

917 

1G0-27-P 

180  { 

492  ! 

140 

G32 

9701  ’ 

11G17 

924 

240-20-P 

GO 

514  ! 

95 

G09 

12157  ' 

11977 

927 

280-1 5-P 

GO  ! 

584 

-58 

G42 

11472 

12197 

922 

200-25-P 

72 

31G 

208 

524 

11523  1 

11198 

918 

1G0-30-P 

GO 

987 

238 

1225 

11497 

10899 

Draught  and  Rate  oe  Combustion. 

Smoke-Box  and  Fire-Box  Temperatures — Table  No.  906. 

In  this  table  are  shown  the  results  of  the  observations  of  the 
draught,  and  in  Fig.  902  these  draught  results  are  plotted  in  con- 
nection with  the  amounts  of  coal  burned.  The  figures  show  wide 
variations,  and  this  is  to  be  expected,  as  the  draught  is  influenced 
by  a number  of  factors,  such  as  the  thickness  of  the  fire,  the  boiler 
pressure  and  by  the  position  of  the  fire  door.  The  readings  are 
the  average  of  readings  taken  at  the  beginning  of  each  ten- 
minute  interval  without  regard  to  whether  the  fire  door  was 


TABLE  No.  906— DRAUGHT,  RATE  OF  COMBUSTION,  SMOKE- 
BOX  AND  FIRE-BOX  TEMPERTURES. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

Draught  in  Inches 
of  Water 

Temp.  1 

Degrees  F. 

Dry  Coal  Per  Sq.  PL 

Grate  Surface, 

Per  Hour,  Lbs. 

Test  Number  j 

Laboratory 

Designation 

In  Front 
of 

Diaphragm 

Back 

of 

Diaphragm 

In 

j Fire-Box 

In 

1 Ash-Pan 

In 

Fire-Box 

In 

Smoke-Box 

1 

j(Cal) 

(222)  1 

(223) 

(224)  1 

1(225) 

1—1 

(207) 

1 (339) 

901 

i 80-1 5-F 

180 

2.0 

1.8 

.6 

.2 

1774 

562 

30.00 

902 

80-20-F 

180 

2.1 

1.9 

.8 

.1 

1918 

579 

34.85 

904 

120-20-F 

180 

3.3 

3.1 

1.4 

.7 

1803 

618 

39.23 

908 

1G0-15-F 

180 

3.9 

3.4 

1.7 

.7 

1859 

644 

44.24 

914 

160-20-F 

180 

3.1 

2.8 

.9 

.2 

20i78 

633 

49.17 

90'G 

1 80-30-F 

180 

3.7 

3.2 

1.2 

.2 

1952 

654 

54.01 

910 

1 12  0-2  5-F 

180 

3.4 

2.9 

.7 

.3 

1915 

630 

52.83 

920 

1 20'0-20-F 

180 

5.1 

4.5 

2.3 

1.0 

1966 

672 

60.04 

916 

1 160I25-F 

159 

5.0 

4.2 

1.3 

.2 

2076 

679 

66.56 

923 

‘ 80-25-F 

150 

5.2 

4.4 

1.5 

.3 

1936 

681 

76.05 

912 

! 2 4 0-1 5-F 

90 

5.6 

4.7 

1.3 

.2 

20'25 

693 

91.53 

924 

120-30-F 

150 

4.9 

4.2 

1.4 

.3 

2077 

665 

71.86 

927 

160-27-F 

180 

7.7 

6.2 

2.1 

.3 

2058 

719 

86.53 

922 

240-30-F 

GO 

5.4 

4.G 

1.4 

.3 

2266 

675 

109.93 

918 

2 80-1 5-F 

GO 

5.6 

4.9 

1.5 

.2 

2165 

715 

90.31 

917 

2'0'0-25-F 

72 

6.0 

5.1 

1.6 

.3 

2180 

694 

89.78 

913 

1G0-30-F 

GO 

8.9 

8.0 

3.0 

1.3 

2143 

740 

100.58 

open  or  not.  As  a matter  of  fact,  in  some  of  the  heavier  power 
tests  the  fire  door  is  open  more  than  one-half  of  the  time,  and  as 
this  is  one  of  the  fixed  conditions  governing  the  intensity  of  the 
draught,  it  has  not  been  eliminated  from  the  readings  of  the 
average  draught. 

Fire-box  and  smoke-box  temperatures  were  measured  by 
means  of  thermo  couples. 


Evaporative  Performance — Table  907. 

In  Figure  No.  905  the  equivalent  evaporation  is  plotted  with 
the  evaporation  per  square  foot  of  heating  surface.  The  equiva- 
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TABiIjE  No.  907— evaporative  PERFORMANCE. 


Identification 
of  Test 

Evaporative  j 

Performance 

Test  Number 

Laboratory 

Designation 

Duration  of  Tes' 
Minutes 

Total  Water 
Divided  by 
Total  Coal 

Equivalent 

Evaporation 

Per  Pound 
of  Dry  Coal 

Equivalent 
Evaporation 
Per  Pound  of 
Combustible 

(Cal) 

1 (Cal) 

1 (347) 

j (348)  1 

901 

80-15-.F 

180 

8.57 

10.69 

11.31 

902 

80-20-F 

180 

8.21 

10.11 

10.88 

904 

80-2  5-F 

180 

8.42 

10.32 

10 . 98 

908 

120-20nF 

180 

8.12 

9.95  1 

10.58 

913 

1'00-15-P 

180 

7.40 

9.26  , 

9.79 

914 

160-20-F 

180 

7.15 

8.96 

9.46 

906 

80-30^F 

180 

7.60 

9 . 39 

10.05 

910 

12  0-2  5-F 

180 

6.92 

8.50 

9.03  ! 

920 

200-20-F 

150 

6.88 

8.62 

9.11 

916 

100-25^F 

150 

6.09 

7.64 

8.08 

923 

240-1'5-F 

90 

5.33 

6.57 

7.04 

912 

120-30-F 

150 

6.85 

8.47 

9 . 05 

917 

100-27^F 

180 

'5.91 

7.25 

7.70 

924 

240-20-P 

60 

4.65 

5.74 

5.15 

927 

280-15-F 

60 

5 . 70 

7.03 

-7.53 

922 

200-25-F 

72 

6.00 

7.42 

7.93 

918 

160-30-F 

60 

5 . 45 

6.66 

7.08 

o 

. p y 

^ £ b 

PQ  Q 
PLh 


^ It 

S I 

o 

O W 
<C  *<-' 

W ° 


(248) 

1 (350) 

15264 

67.0'5 

15077 

64.70 

15167 

05.71 

15167 

63.36 

15264 

58.59 

15264 

50.08 

15020 

00.38 

15167 

54.13 

15264 

54.52 

15264 

: 48.34 

15020 

42.25 

15057 

54.32 

15167 

40.17 

15020 

36.91 

15020 

45.20 

15057 

47.59 

15107 

42.41 

1 

lent  evaporation  per  pound  of  coal  ranges  from  10.69 — which  is 
obtained  at  the  lowest  rate  of  evaporation,  viz ; 7.68  pounds  per 
square  foot  of  heating  surface — to  a minimum  of  5.74.  The 
highest  rate  of  evaporation  was  16.09  pounds  per  square  foot  of 
heating  surface. 

From  the  results  in  this  table  it  is  evident  that  the  economi- 
■cal  performance  of  the  locomotive  boiler  is  very  creditable  when 
•compared  with  results  obtained  from  stationary  boilers.  The 
.rates  of  coal  burning  and  evaporation  for  the  locomotive  begin 
^it  and  extend  beyond  the  maximum  of  the  ordinary  stationary 
boiler. 


DRAFT  IN  INCHES  OF  WATER. 
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DRY  COAL  FIRED  PER  HOUR,  LBS.  PER  SO.  FOOT  OF  GRATE. 
FIG.  902— DRAFT  AND  RATE  OF  COMBUSTION. 


As  shown  in  column  248,  the  calorific  value  of  the  dry  coal 
in  B.  T.  U.’s  is  very  uniform  for  all  of  the  tests.  The  determina- 
tions of  heating  value  were  made  from  samples  taken  from  each 
car  of  coal  used.  These  samples  were  taken  from  the  coal  con- 
veyor as  the  coal  was  being  placed  in  the  testing  plant  coal  bins. 

The  efficiency  of  the  boiler,  as  given  in  column  350,  is  based 
'Upon  the  calorific  value  of  the  dry  coal. 


TEMPERATURE,  DEGREES  FAHRENHEIT, 
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DRY  COAL  FIRED  PER  HOUR,  LBS.  PER  SQ.  FOOT  OF  GRATE. 


FIG.  903— FIRE-BOX  AND  SMOKE-BOX  TEMPERATURES. 


EQUIVALENT  EVAPORATION,  FOUNDS  PER  HOUR 
PER  SQ.  FT.  OF  HEATING  SURFACE. 
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DRY  COAL  FIRED  PER  HOUR,  LBS.  PER  SQ.  FOOT  Op  GRATE. 

FIG  904— RATE  OF  COMBUSTION  AND  RATE  OF  EVAPORATION. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL 
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EQUIV'T  EVAP’N  POU N DS  PER  HOU R PER  SQ.  FT.  OF  HEATING  SURFACE 

FIG.  905— RATE  OF  EVAPORATION  AND  EVAPORATION  PER  LB. 

OF  COAL. 
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Smoke-Box  Gases — Table  908. 

The  analysis  of  the  smoke-box  gases  is  of  interest  in  show- 
ing the  completeness  of  the  combustion,  and  by  reference  to  col- 
•nmn  254  a very  small  percentage  of  carbon  monoxide  is  shown 

TA'BI^E  No.  9'0i8— -SIMOKE-BOX  GASES. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

Analysis  of  Smoke-JBox 

Gases 

Calorific  Value  Coal 

as  Fired 

Per  Cent,  of  Heat  in 

Coal,  Lost  by 

Presence  of  CO 

Test  Number 

Laboratory 

Designation 

Per  Cent. 
Oxygen 

0 

Per  Cent.Carbon 
Monoxide 

CO 

Per  Cent. 
Carbon 
Dioxide 
€02 

Per  Cent. 

Nitrogen 

N 

(Cal) 

1 (253) 

j (254) 

1 (255)^ 

(256) 

(Cal) 

(Cal) 

901 

80-15-F 

180  ! 

9.2G 

0 

10. 4G 

80.26 

14849 

0 

9'02 

80-20--P 

180  1 

8.40 

0 

10.  G7 

80.93 

L4896 

0 

904 

80-25-F 

180  I 

11.80 

0 

7.80 

80.30 

15000 

0 

90'8 

120-2'0-F 

180 

8.70 

0 

10.50 

80.80 

15009 

0 

913 

lG0-15iF 

180 

G.8G 

.13 

12.20 

80.80 

14849 

O.'Gl 

914 

1G0-20^F 

180 

10.30 

0 

9.0G 

80.60 

14849 

0 

90G 

80-30-F 

ISO 

8.53 

0 

9.G7 

81.80 

14853 

0 

910 

120-25,^F 

180 

5.40 

0 

13 . GO 

.80.90 

15009 

0 

920 

2'00-20-F 

150 

9.13 

.00 

10.33 

80.46 

14849 

0.33 

91G 

1G0-25-F 

150  1 

9.73 

.00 

9. GO 

80.60 

14849 

0.36 

923 

240-15.F 

90  ! 

5 20 

l.GO 

11.00 

82.20 

14853 

7.31 

912 

120-30-F 

150 

G.8G 

0 

11.33 

81.80 

14853 

0 

917 

1G0-27^F 

180  ! 

2.00 

.GO 

14.40 

82.40 

15009 

2.28 

924 

240-20JF 

GO  ! 

G.40 

.20 

11.00 

82.40 

14853 

1.03 

927 

280-15-F 

GO 

5.00 

2.00 

10. GO 

«1.80 

14853 

9.13 

922 

200-25-F 

72 

G.GO 

1.20 

10.20 

82.00 

14853 

6.06 

918 

1GO-30^F 

CO 

4.70 

.GO 

12.70 

82.00 

15009 

2.57 

■in  any  of  the  tests  and  the  losses  in  heat  from  the  presence  of  CO, 
as  shown  in  the  last  column  of  the  table,  are  correspondingly 
^small. 


PERFORMANCE  OF  ENGINES 

General  Engine  Conditions — Table  909. 

The  tests  in  this  and  the  following  tables  are  arranged  ac- 
cording to  speed  and  cut-off,  beginning  with  a speed  of  80  revo- 
lutions per  minute  and  a nominal  cut-off  of  15  per  cent.  The 
cut-off  at  80  revolutions  per  minute  was  increased  until  it  became 
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•evident  that  a furtlicr  increase  in  cut-off  would  result  in  slipping 
the  driving  wheels,  should  the  adhesion  become  momentarily  re- 
duced from  any  cause.  The  limit  of  the  boiler  to  supply  steam 
was  not  nearly  reached  at  this  speed,  nor  was  it  quite  reached  at 
120  revolutions,  though  the  evaporation  at  120  revolutions  per 
minute  would  indicate  that  it  is  close  to  the  limit  of  boiler  power. 
At  160  revolutions  per  minute,  or  38.2  miles  per  hour,  the  boiler 
power  limit  was  reached  and  exceeded,  and  for  this  and  the 
.higher  speeds  the  danger  of  slipping  was  not  a factor  in  limiting 
ithe  cut-off  used. 


TA'BIJE  No.  90'9^GM3NERAL  ENGINE  CONDITIONS. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

! Revolutions 

j Per  Minute 

Speed, 

Miles  Per  Hour 

Cut-off, 

Per  Cent,  of  Stroke  1 

Steam 

Pressure 

Test  Number 

Laboratory- 

Designation 

In  Boiler, 

Lbs.,  Per  Sq. 
Inch 

In  Branch  Pipe, 

Lbs.,  Per  Sq. 

Inch 

(■Cal) 

(198) 

(199) 

(268) 

, to  (271) 

' (217) 

i 

(220) 

901 

80-1'5-F 

180 

80.00 

19.10 

15 . 7 

201.3 

1 198.3 

90'2 

80-20-F 

180 

80 . 00 

19.10 

17.9 

200.1 

1 197.3 

904  ! 

80-2:5-F 

180 

79.99 

19.09 

23.7 

198.5 

‘ 192.8 

90G 

80-3  0-F 

180 

8a.0'0 

19.01 

29.7 

202 . 6 

199.8 

908 

120-20-F 

180 

120.00 

28.65 

18.8 

201.0 

197.7 

910 

1 20-12  5-F 

180 

120.00 

28.65 

24.9 

20'0.5 

197.5 

912 

120-30^F 

160 

120.00 

28.65 

31.7 

202.7 

197.8 

913 

IGO-I15-F 

180 

160.00 

38.20 

16.7 

198.0 

195.0 

914 

160-20-F 

180 

IGO.OO 

38.20 

'20.2 

202.9 

198.2 

916 

160-25nF 

150 

160.00 

38.20 

24.9 

200.0 

195.0 

917 

160-27-iF 

180 

IGO.OO 

38.20 

27.7 

188.4 

185.6 

918 

160-30JF 

'GO 

IGO.OO 

38.20 

31.5 

186.1 

181.8 

920 

■20'0-2'0-F 

150 

200.00 

47.75 

19.5 

202.0 

197.4 

922 

20'0;-25-F 

72 

200. 00 

47.75 

25.5 

202.1 

197.1 

923 

240-15-F 

90 

240.00 

57.30 

19.0 

196.4 

194.2 

924 

240-20-F 

'60 

240.00 

57.30 

21.6 

197.5 

195.1 

927 

■2'80-15-F 

GO 

280.00 

66.85 

19.9 

194.4 

191.7 

929 

320-15hF 

— 

320.17 

76.08 

21.4 

196.3 



Test  929,  at  320  revolutions  per  minute,  was  not  made  as  one 
of  the  regular  series  in  which  all  observations  were  recorded, 
but  the  locomotive  was  run  for  about  20  minutes  at  this  speed 
and  six  indfeator  diagrams  taken.  The  fore  and  aft  vibration. 
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due  to  the  unbalanced  reciprocating  weights,  is  so  great  at  this 
5peed  that  it  was  thought  best  not  to  subject  the  dynamometer  to 
.these  violent  shocks  for  a longer  time.  It  is  evident  also  from 
•the  draw-bar  pull  record  obtained  at  this  speed  that  the  dyna- 
fiiometer,  unless  protected  from  the  effect  of  these  forces,  cannot 
give  a true  indication  of  the  draw-bar  pull. 

Between  the  dynamometer  and  the  locomotive  are  placed  oil 
dash-pots  to  absorb  the  vibrations  which  are  present  at  all 
speeds,  and  for  the  lower  speeds  the  dash-pots  effectually  control 
ithese  unbalanced  forces.  If  it  w'ere  possible  to  run  this  locomo- 
tive at  320  revolutions  with  a cut-off  of  25  or  30  per  cent.,  it  is 
probable  that  the  action  of  the  steam  in  the  cylinders  would 
assist  the  dash-pots  in  reducing  these  forces. 

It  has  been  found  that  if  the  throttle  is  suddenly  closed  at 
speeds  of  280  or  320  revolutions,  the  vibrations  set  up  are  very 
violent  in  the  absence  of  compression  in  the  cylinders.  The  loco- 
motive could  not  maintain  the  steam  pressure,  however,  with  the 
cut-off  greater  than  about  15  per  cent. 

From  an  inspection  of  the  diagram  (Fig.  910)  and  table  909, 
.(items  268-272),  it  is  apparent  that  tests  at  different  speeds,  while 
run  with  the  reverse  lever  in  the  same  notch,  do  not  have  the 
same  actual  cut-off  in  the  cylinders,  but  the  cut-off  point  becomes 
later  as  the  speed  increases,  due,  probably,  to  a springing  of  the 
valve  motion.  This  effect  is  so  marked  that  the  locomotive  will 
run  forward  at  the  higher  speeds  with  the  reverse  lever  in  one 
of  the  notches  of  the  backward  motion.  As  shown  in  table  909, 
Ihe  cut-off  increases  from  15.7  per  cent,  at  80  revolutions  per 
minute  to  21.4  per  cent,  at  320  revolutions  per  minute,  while 
■nominal  cut-off  or  reverse  lever  notch  remains  the  same. 

•Mivan  Efff.ctivd  Pressure,  Indicated  Horse-Power  and 
'Steam  Consumption — Table  910. 

The  steam  consumption  decreases  as  the  indicated  horse- 
power increases,  and  while  the  best  result  is  23.81  pounds  of  dry 
steam  per  indicated  horse-power  hour,  the  minimum  rate  of 
which  the  engines  are  capable  does  not  appear  to  have  been 
reached  before  the  limit  of  the  boiler  to  supply  steam  had  been 
found. 


TABLE  No.  910— MEAN  EFFECTIVE  PRESSURE,  INDICATED 
HORSE-POWER  AND  STEAM  CONSUMPTION. 


Identification 
of  Test 

Duration  of  Test, 
Minutes 

1 

1 

Mean  Effective 
Pressure, 

Lbs.  Per  iSq.  Inch 

Indicated 

Horse-Power 

1 Dry  Steam 

j Per  Indicated 

1 Horse-Power 

j Hour,  Lbs. 

1 

Test  Number 

Laboratory 

Designation 

_ J 

1 (Cal) 

[ (Cal) 

1 (379) 

1 (381) 

901 

8O-I15-F 

180 

C0.5G 

419.8 

33.54 

902 

80-2  O-P 

180 

08 . 81 

477.2 

32.27 

904 

80-25iF 

180 

84.47 

585. G 

30. G5 

90'G 

80-30.F 

180 

104.91 

727.9 

29.94 

90-8 

12O-20^F 

180 

GG.13 

G87.G 

28.81 

910 

120-25-P 

180 

81.83 

8-51.1 

2G.70 

91i2 

li20-30-'F 

150 

97.03 

1015.4 

2G.G3 

913 

IGO-I'5-F 

180 

54 . 02 

748.8 

- 2G.75 

914 

1G0-20-F 

180 

'59.03 

82G.8 

25.34 

91G 

IGO.215-F 

150 

72.90 

101 l.G 

25.23 

917 

1G0-27^F 

180 

7G.04 

IO155.O 

2G.50 

91'8 

1G0-30-F 

GO 

81.74 

1133.4 

2G.4G 

9'20 

200-20-F 

150 

58.78 

lO'lS.G 

24.83 

9'22 

200-25-F 

7-2 

70.59 

1223.7 

23.84 

923 

240-1.5-F 

90 

52 . 1'8 

1085.4 

24. GO 

9'24 

240s20-F 

GO 

55 . 98 

1104.5 

24.37 

927 

280-16-F 

GO 

48.50 

1178.4 

23.81 

929 

320-15-F 

— 

— 

1281.3 

— 

It  is  to  be  noted  that  the  highest  sustained  output  of  the 
boiler  was  30,300  pounds  of  steam  per  hour  and  that  this  gives  a 
maximum  of  1,223.7  indicated  horse-power.  Unless  a greater 
supply  of  steam  than  30,300  pounds  can  be  obtained  from  the 
boiler,  the  maximum  horse-power  will  be  about  1,200  without 
regard  to  the  speed.  Larger  horse-powers  in  road  service  or  on 
the  testing  plant  may  be  obtained  for  short  intervals  as  already 
noted. 


NOMINAL  SPEED  IN  REVOLUTIONS  PER  MINUTE 
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CUT-OFF  IN  PER  CENT  OF  STROKE 

FIG.  906— MEAN  EFFECTIVE  PRESSURE. 


NOMINAL  SPEED  IN  REVOLUTIONS  PER  MINUTE. 
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FIG.  907— DRY  STEAM  PER  I.  H,  P.  HOUR. 


PERFORMANCE  OF  LOCOMOTIVES 

Dynamometter  Records — Table  91  i. 

The  draw-bar  pull  was  measured  by  means  of  a lever 
dynamometer  the  details  of  which  have  been  given  in  previous 
bulletins. 

In  the  case  of  test  929,  as  explained  in  another  place, 
the  dynamometer  reading  was  not  correct,  and  the  draw-bar  pull 
and  dynamometer  horse-power  for  this  test  were  derived  from 
the  indicated  horse-power  by  assuming  a machine  efficiency  of 
70  per  cent,  for  this  speed. 


NOMINAL  SPEED  l.N  REVOLUTIONS  PER  MINUTE. 
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FIG.  908— TOTAL  INDICATED  HORSE  POWER. 
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TABLE  No.  911— DYNAMOMETER  RECORDS. 


Identification 
of  Test 

1 

Duration  of  Test, 
Minutes 

Draw-bar  Pull 

in  Pounds 

1 

1 : 

Dynamometer 
Horse-Power  j 



Dry  Coal  | 

Per  D.  H.  P. 

Hour  j 

Dry  Steam  1 

Per  D.  H.  P.  | 

Hour 

j 

1 

Test  Number 

Laboratory- 

Designation 

1 1 CCal) 

(265) 

(383) 

(384)  1 

1 (385) 

901 

80a5-F 

180 

6427 

327.3 

5.09 

43.02 

902 

80-20-F 

180 

. 7653 

389.8 

4.90 

39.50 

904 

80-25^F 

180 

9810 

499.6 

4.36 

35.92 

906 

80-30-F 

180 

12475 

032.3 

4.04 

34.46 

y08 

120-20-IF 

180 

7'280 

550.2 

4.42 

35.16 

910 

120-2.5-F 

180 

9438 

721.1 

4.62 

31.51 

912 

120-30-F 

150 

11785 

i 900.8 

4.43 

29.59 

913 

160-15-F 

180 

5578 

5C8.2 

4.80 

35 . 2'6 

914 

100-20-F 

180 

0538 

605.9 

4.50 

31.46 

916 

100-25-F 

1'50 

8156 

830.7 

5.08 

30.73 

917 

100-27-F 

180 

8757 

892.1 

5.38 

31.34 

918 

100-30-F 

00 

9571 

975.0 

5.72 

30.83 

920 

200-20-F 

150 

6199 

789.4 

4. 68 

32.04 

922 

200-25-F 

72 

7701 

980.6 

5.08 

29.75 

923 

240-15-F 

90 

4940 

880.7 

5.77 

30.31 

924 

240-20-F 

60 

5908 

902.8 

0.70 

31.43 

927 

280-1 5-F 

60 

4752 

847.2 

5.92 

33.12 

929 

320-15-F 

— 

*4424 

*890.9 

— 

— 

* Estimated. 


The  dry  coal  per  dynamometer  horse-power  ranges  from 
4.42  pounds  to  6.76. 

Machine  Friction — Table  912. 

Throughout  this  series  of  tests  the  driving  axle  bearings 
.were  lubricated  with  oil.  The  main  and  side  rods,  except  the 
iront  end  of  the  main  rods,  were  lubricated  with  hard  grease. 
The  cylinders  were  lubricated  with  oil  by  means  of  a sight  feed 
lubricator. 

The  machine  friction  in  draw-bar  pull  is  a fairly  uniform 
•quantity,  ranging  from  1,417  to  1,909  pounds;  in  test  923  it  is 
1,148. 

Maximum  Power  oe  the  Locomotive. 

From  the  diagrams  (Figs.  909  and  910)  the  draw-bar  pull 
that  this  locomotive  is  capable  of  exerting  for  a considerable 


TABLE  No.  912— MACHINE  EFFICIENCY. 


Identification 
of  Test 

Machine  Friction 

in 

Test  Number 

1 

Laboratory 

Designation 

Duration  of  Tes 
Minutes 

Horse-Power 

Mean  Effective 
Pressure,  Lbs. 

j Per  Sq.  Inch 

Draw-Bar  Pull, 
Pounds 

Machine  Efficiem 

Per  Cent. 

(Cal) 

(395) 

(39C)  1 

(397)  1 

(398) 

901 

80-15-F 

180' 

92.5 

13.34 

181G 

77.9G^~ 

902 

80-2  0-F 

180 

SI  A 

12.57 

1716 

81.68 

904 

80^2  5-F 

180 

8G.0 

12.40 

1G89 

85.35 

90G 

80-30-F 

Averiiige 

180 

95. G 
90.4 

13.78 

13.02 

1880 

1777 

8G.87 

908 

12  0-20 -F 

180 

131.4 

12.  G3 

1G52 

80.89 

910 

120-25^F 

180 

130.1 

12.50 

1702 

84.71 

912 

a2'CH30JF 

Average 

150 

114. C 
125.4 

11.01 

12.05 

1499 

1618 

88.71 

913 

1C0^15-F  ' 

180' 

180. G 

i 13.01 

1417 

75 . 88 

914 

1G0-20-F 

180 

ICO.  9 

11. GO 

1579 

80.54 

91  (? 

1G0-25-F 

150 

180.9 

1 13.03 

1775 

82.11 

917 

lGa-27-F 

180 

1G2.9 

' 11.74 

1599 

84.56 

918 

lGO-30-iF 

Average 

GO 

158 . 4 

168.7 

11.41 

1 12.16 

1554 

1585 

8G.02 

920 

200-20-F 

: 150 

1 229.2 

13.21 

1805 

77.49 

922 

i2CO-25-'F 

Average 

; "^2 

1 243.1 

236.2 

14.01 

13.61 

1909 

1857 

1 80.13 

1 

923 

240v4l5^F 

90 

204.7 

8.43 

1148 

1 81.14 

924 

1 

; 240-20-F 

1 Average 

GO 

1 201.7 

1 233.2 

12.57 

10.50 

1713 

1431 

1 77. '53 

927 

2.80-1 5 JF 

CO 

1 331. '2 

13.64 

1858 

1 71.89 

length  of  time  has  been  estimated  by  the  method  formerly  used 
in  connection  with  the  St.  Louis  tests,  and  which  will  be  repeated 
here  as  applied  to  this  locomotive. 

The  maximum  power  of  a locomotive  depends  upon  the  re- 
lation between  the  amount  of  water  which  can  be  evaporated  by 
the  boiler  and  the  efficiency  of  the  cylinders ; for  example,  if  the 
maximum  evaporative  power  of  a locomotive  boiler  is  W pounds 
of  dry  steam  per  hour  and  the  cylinders  require  N pounds  of  dry 
steam  per  horse-power  hour,  then  the  maximum  horse-power  of 

the  locomotive  is  represented  by  except  that  the  maximum 

power  may  be  limited  by  the  adhesion  of  the  driving  wheels  at 


DRY  STEAM  PER  INDICATED  HORSE  POWER  HOUR,  POUNDS 


CUT-OFF  IN  PERCENT  OF  STROKE 


FIG.  909— STEAM  CONSUMPTION. 

low  speeds.  The  maximum  evaporative  power  of  this  boiler 
under  the  conditions  of  these  tests  is  about  30,000  pounds  of  dry 
steam  per  hour.  Fig.  909  shows  the  relation  between  steam  con- 
sumption per  indicated  horse-power  and  cut-off  at  the  several 
speeds.  Similarly,  Fig.  910  shows  the  relation  between  indicated 
horse-power  and  cut-off  for  the  several  speeds. 

In  each  diagram  the  curves  have  been  extended  beyond  the 
actual  experimental  points. 

It  is  now  only  necessary  to  select  for  each  speed  the  cut-off 
at  which  the  product  of  indicated  horse-power,  as  shown  by  Fig. 
910  and  steam  consumption,  as  shown  by  Fig.  909,  is  approxi- 
mately 30,000  pounds  (the  maximum  capacity  of  the  boiler.) 
These  critical  cut-offs  are  indicated  on  the  diagrams  (Figs.  909 


INDICATED  HORSE  POWER 
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CUT-OFF  IN  PER  CENT  OF  STROKE 


FIG.  910— INDICATED  HORSE  POWER. 

and  QTo)  by  a cross  mark,  and  the  value  of  the  several  factors 
are  shown  in  the  following  table : 


Nominal  Speed 

Cut-off  in 

steam  IFer 

Maximum  Cylinder 

R.  P.  M. 

Per  Cent. 

I.  CH.  P.  Hour. 

Horse-Power. 

8o 

42 

32.3 

940 

120 

35 

28.0 

1075 

i6o 

30.5 

26.3 

1150 

200 

25-5 

24.9 

1220 

240 

23-5 

24.4 

1240 

280 

22 

24.0 

1250 

The  cylinder  horse-power  given  in  the  last  column  of  the 
above  table  is  what  would  be  expected  by  indicator  if  tests  had 
been  run  under  the  conditions  of  maximum  power  at  the  several 
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SPEED  IN  REVOLUTIONS  PER  MINUTE. 


FIG.  911-hMAXIMUM  DRAW-BAR  PULL. 

speeds  and  cut-offs.  The  cylinder  horse-power  as  found  above 
is  now  reduced  to  an  equivalent  draw-bar  pull  by  the  following 
equation  in  which  S is  the  speed  in  miles  per  hour  and  F is  the 
corresponding  average  frictional  draw-bar  pull  (which  has  been 
assumed  as  the  average  obtained  for  the  whole  series  of  tests,  or 
1,687  pounds)  : 

Max.  Horse-power  x 375 

Maximum  Draw-bar  Pull  =- F 

S 

The  maximum  draw-bar  pulls  at  the  several  speeds,  as  de- 
termined from  the  above  equation,  are  as  follows: 

Max.  lEstimated  Draw-bar  Pull. 


Speed  in  R.  P.  M. 

Pounds. 

80 

16,768 

120 

12.384 

160 

9,602 

200 

7.894 

240 

6,428 

280 

5.325 

In  Fig.  91 1 the  draw-bar  pull  is  shown  graphically  with  the 
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maximum  results  obtained  in  the  tests.  At  speeds  of  120,  160, 
200,  240  and  280  the  maximum  pulls  developed  in  the  tests  ap- 
proached closely  the  calculated  maximum. 

The  calculated  tractive  power  at  starting  is  22,500  pounds, 
and  it  is  probable  that  the  slowest  speed  at  which  the  full  power 
of  the  boiler  could  be  utilized  is  about  40  revolutions  per  minute, 
or  about  10  miles  per  hour. 


;5:] 

COMPARISON  OF  TWO  ATLANTIC  TYPE  PASSENGER  LOCOMO- 
TIVES- 

Of  the  'passeng^cr  locomotives  tested  at  St.  Louis  in  1904, 
the  New  York  Central  locomotive,  No.  3000,  resembled  Pennsyl- 
vania Railroad  locomotive  No.  5266  in  g’eneral  dimensions,  weight 
and  class  of  service  for  which  it  was  designed.  It  was,  however, 
a four-cylinder  balanced  compound,  while  the  5266  is  a simple 
locomotive. 

In  order  to  show  a comparison  of  the  results  obtained  on  a 
simple  and  a compound  locomotive,  the  following  diagrams  have 
been  prepared  from  the  results  of  tests  on  these  two  loccwnotives. 
Before  taking  up  the  discussion  of  these  diagrams,  however, 
some  of  the  principal  dimensions  of  the  locomotives  are  given  in 
parallel  columns  in  order  to  show  in  what  particulars  they  differ. 


isr.  Y.  C.  R.  R. 
No.  3000. 

P.  R.  R. 

No.  5266 

Total  weight  of  locomotive 

working  order,  lbs 

200,000 

184,167 

Weight  on  drivers,  locomo- 

tive,  working  order,  lbs. 

1 10,000 

110,001 

Cylinders,  diameter  and 

stroke,  inches  

X 26x  26 

20I/X26 

Driving  wheels,  diameter. 

inches  

79 

80 

Boiler,  diameter,  inches... 

72  J4 

67 

Tubes,  number  

390 

315 

“ diameter,  inches... 

2 

2 

“ length,  “ ... 

191 .29 

179.78 

Heating  surface,  fire-box. 


(fire  ,side),  sq.  ft.  . 

202 . 83 

156.86 

Heating  surface, 

(fire  side),  sq.  ft.. 

tubes 

2848 . 36 

2162.4 

Heating  surface, 

(fire  side) , sq.  ft . . 

total 

3051.19 

2319.26 

Grate  area,  sq.  ft.  . . , 

49.9  ■ 

55.5 

Ratio  heating  surface  to 
grate  surface  

61 . 10 

41.79 

Boiler  volume,  cubic 
steam  space  

feet 

77.41 

109.9 

Boiler  volume,  cubic 
water  space  

feet 

331.66 

338-6 

34 


BoIIvER  Peri^ormance. 

The  coal  used  was  that  from  the  Scalp  Level  mines  of  the 
P>erwind-White  Coal  .Mining  Company,  both  for  the  3000  at  St. 
Louis  and  the  5266  at  Altoona. 

In  Fig.  I,  where  the  fire-box  and  smoke-box  temperatures 
are  plotted,  the  differences  between  the  two  locomotives  are  small. 
The  30CX)  had  a brick  arch  in  the  fire-box,  but  no  difference  in 


FIG.  1— FIRE  BOX  AND  SMOKE  BOX  TEMPERATURES. 


fire-box  temperature  is  evident  as  due  to  this  cause.  The  smoke- 
box  temperature  of  the  3000,  which  had  a greater  length  of  tube 
than  the  5266,  ,is  shown  to  'be  lower  throughout  the  tests,  indi- 
cating that  this  greater  tube  length  absorbed  a larger  part  of  the 
heat  in  the  gases  of  combustion  than  the  shorter  tubes  of  he  5266. 

In  Fig.  2,  where  the  equivalent  evaporation  per  pound  of 
dry  coal  is  given  for  different  rates  of  evaporation  per  square 


twUlVALEINT  EVAPORATION  PER  POUND  OF  DRY  COAL 


foot  of  heating-  surface,  no  difference  is  found  between  the  two 
boilers.  In  other  words,  the  efticiency  of  .a  square  foot  of  heating 
surface  in  the  boiler  of  5266  is  the  same  as  the  .efficiency  of  a 
square  foot  of  heating  surface  in  the  boiler  of  No.  3CXD0,  and 
this  is  true  for  all  rates  of  evaporation. 
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FIG.  2— EVAPORATION. 


For  two  boilers  so  similar  in  general  type  this  is  to  be  ex- 
pected, as  there  is  no  reason  to  suppose  that  the  heating  surfaces 
of  the  two  boilers  will  have  materially  different  rates  of  heat 
transmission  to  the  water  when  the  steel  plates  are  clean  as  in 
the  case  of  these  two  boilers.  When,  however,  the  equivalent 
evaporation  per  pound  of  coal  is  plotted  according  to  the  rate  of 
combustion  as  in  Fig.  3,  the  advantage  of  the  larger  heating 
surface  per  foot  of  grate  in  the  3000  is  at  once  apparent,  and  this 
advantage  of  the  3000  in  economical  evaporation  is  maintained 
throughout  the  full  range  of  steam  delivery  of  the  two  boilers. 
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The  highest  equivalent  evaporation  per  square  foot  of  heating 
surface  is  nearly  the  same  for  each  boiler,  being  16.34  pounds 
per  hour  in  the  case  of  the  3000  and  16.03  po^-^^ds  for  the  5266. 


DRY  COAL  FIRED  PER  HOUR,  LBS. PER  SQ.  FT.  OF  GRATE 
FIG.  3— EVAPORATION. 


With  the  boiler  of  No.  3000  the  greatest  loss  of  heat  due  to 
the  presence  of  carbon  monoxide  in  the  products  of  combustion, 
or,  in  other  words,  the  greatest  loss  due  to  poor  combustion  was 
but  I per  cent.,  and  in  only  one  other  test  was  it  as  much  as  i 
per  cent.  In  the  case  of  the  5266,  the  losses,  while  in  all  cases 
comparatively  small,  are  in  one  tesst  9.13  per  cent.,  and  in  two 
others  6.06  per  cent,  and  7.3  per  cent.  The  very  perfect  com- 
bustion shown  by  the  3000  is,  in  all  probability,  due  to  the  brick 
arch  in  the  fire-box  of  this  locomotive.  There  was  no  arch  in 
the  5266. 

The  3000  was  fitted  with  smoke-box  deflectors  or  diaphragms 
which  made  the  smoke-box  completely  self-cleaning,  while  the 
5266  did  not  have  a self-cleaning  front,  and  this  was  one  of  the 


limiting  factors  in  maximum  evaporation  obtained  with  long  cut- 
offs, clue  to  the  accumulation  of  cinders  in  the  front  end,  which 


FIG.  4— BOILER  EFFICIENCY. 

interfered  with  the  draft,  and,  consequently,  the  steaming  capaci- 
ty. The  results  from  the  action  of  the  two  smoke-boxes  are 
shown  in  Figure  5^. 

Enginf,  Pe:rformy\nci:. 

In  Fig.  5 the  well-established  fact  that  the  engines  of  a com- 
pound locomotive  within  limits,  operate  on  less  steam  per  unit 
of  power  than  the  engines  of  a simple  locomotive,  is  shown. 
The  diagram  shows  very  clearly  another  fact  that  is  not  so 


DRY  STEAM,  POUNDS  PER  INDICATED  HORSE  POWER  HOUR 


generally  recognized,  and  that  is  that  the  difference  in  the  water 
rate  or  siteani  per  horse-power  hour  is  not  a constant  difference 
expressahle  as  a certain  definite  percentage  of  saving.  When 
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FIG.  5-^STEAM  PER  INDICATED  HORSE  POWER. 

each  of  the  locomotives  is  developing  600  horse-power,  there  is  a 
difference  in  the  steam  per  horse-power  of  about  9.7  pounds,  or  a 
saving  of  31.8  per  cent.,  while  at  1300  horse-power  the  saving  is 
but  3.5  pounds,  or  14.9  per  cent. 


CINDERS  COLLECTED  IN  SMOKEBOX,  POUNDS  PER  HOUR. 


10  20  30  40  50  60  70  80  90  100  110  120  130  140 

DRY  COAL  FIRED  PER  HOUR,  LBS.  PER  SQ.  FT.  OF  GRATE 

FIG.  5'/2— CINDERS  IN  SMOKE  BOX. 


The  two  curves  show  that  the  water  rates  of  the  two  locomo- 
tives would,  perhaps,  meet  at  about  1600  horse-power  were  it 
possible  to  drive  the  5266  to  such  a point,  and  as  the  high  horse- 
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powers  were  o'btained,  as  a rule,  at  the  higher  speeds,  the  curves 
would  indicate  that  the  simple  locomotive  is  working  most  eco- 
nomically at  its  highest  speeds,  while  the  reverse  is  true  of  the 
compound. 

It  will  be  remembered  that  in  the  case  of  the  simple  and  com- 
pound freight  locomotives  tested  at  St.  Louis  the  conclusions 
arrived  at  in  regard  to  the  steam  consumption  were  as  follows : 
“In  general  the  steam  consumption  of  the  simple  engines  de- 
creased with  increase  in  speed,  while  that  of  the  compounds 
increased,  which  would  lead  to  the  conclusion  that  the  steam  dis- 
tribution of  the  compounds  was  less  satisfactory  at  high  speeds 
than  that  of  the  simple.'’'^  The  maximum  horse-power  developed 
by  the  3000  Was  1641,  while  the  maximum  for  the  5266  was 
1281. 


See  “ILocomotive  Tests  and  Exhibits,”  page  706. 


41 


In  Fig.  2 we  have  seen  that  the  evaporation  per  pound  of 
coal  decreases  as  the  output  of  the  hoilcr  in  steam  increases,  and 
this  decrease  explains  the  difference  in  the  appearance  of  the 
curves  in  Figs.  5 and  6.  It  would  appear  at  first  sight  as  though 
the  curves  for  coal  per  indicated  horse-power  hour  should  follow 
the  same  law  as  do  the  curves  for  steam,  and  this  would 
he  the  case  if  it  were  not  for  the  fact  that  as  the  output  of  the 
boiler  increases,  it  is  at  the  expense  of  a greater  and  greater 
quantity  of  coal  per  pound  of  water  evaporated. 


DYNAMOMETER  HORSEPOWER 


FIG.  7— STEAM  PER  DYNAMOMETER  HORSE  POWER. 

Loco  motive:  Pe:rtor  m a n ctc. 

In  Fig.  10  is  shown  the  dry  steam  used  by  the  locomotives 
at  different  indicated  horse-powers.  The  3000,  compound,  re- 
quires at  all  powers  less  steam  than  the  5266,  simple  locomotive. 
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but  as  the  limit  of  power  is  approached  by  the  compound  the 
steam  rate  advances  more  rapidly  than  would  apparently  be  the 
case  with  a simple  locomotive.  This  is  only  another  way  of 
showing  that  the  advantage  of  compounding  may  not  be  realized 
at  high  speeds,  as  was  developed  in  the  discussion  of  Fig.  5,  as 
judged  by  the  two  locomotives  under  discussion. 
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FIG.  8— COAL  PER  DYNAMOMETER  HORSE  POWER. 


One  of  the  most  significant  results  of  this  comparison  of  a 
simple  with  a compound  locomotive  is  the  large  increase  in 
horse-power  and  draw-bar  pull  that  can  be  realized  from  com- 
pounding without  any  increase  in  the  boiler  capacity.  This  is  a 
very  important  advantage  aside  from  all  considerations  of  econ- 
omy in  the  use  of  fuel. 
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Let  us  assume  that  the  boiler  of  each  locomotive  will  deliver 
30,000  pounds  of  dry  steam  per  hour  to  the  engines.  With  this 
weig'ht  of  steam  the  simple  locomotive,  No.  5266,  will  develop 


DRAWBAR  PULL,  POUNDS 
FIG.  9— MACHINE  EFFICIENCY. 


T200  indicated  horse-power,  while  the  compound,  No.  3000,  will 
develop  1400  indicated  horse-power.  To  show  what  this  will 
mean  in  increased  draw-bar  pull,  due  to  compounding  at  several 
speeds,  the  following  table  has  been  arranged : 
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Comparative  Peri^ormance. 

At  40  miles  per  hour,  using  30,000  pounds  of  water  per  hour : 


Locomotive 

Type 

, 

jMachine 

Efficiency 

Indicated 

Horse  Power 

Dynamometer 

Horse  Power 

t 

Draw-Bar 

Pull 

Increase  in 

Draw-Bar  Pull 

from 

Compounding- 

5266 

4—4 — 2 
Simple 

86 

1200 

1032 

9674 

3000 

4—4—2 

Compound 

86 

1400 

1204 

11287 

+ 1613 

At  50  miles  per  hour,  using  30,000  pounds  of  water  per  hour : 


5266 

Simple 

79 

1200 

948 

7110 

3000 

Compound  | 

79 

1400 

1106 

8294 

+ 1184 

At  60  miles  per  hour,  using  30,000  pounds  of  water  per  hour : 


5266 

Simple  . 

77  1 

1200 

924 

5775 

3000 

Gompound 

77 

1400 

1078 

i 

6737 

+ 962 

The  above  table  shows  what  might  be  expected  in  increased 
power  if  the  cylinders  of  locomotive  No.  3000  were  to  be  applied 
to  locomotive  No.  5266. 

The  probable  result  in  fuel  saving  with  this  combination  of 
the  compound  cylinders  and  the  boiler  of  No.  5266,  working  as 
before  at  about  its  maximum  rate  of  evaporation,  that  is,  deliver- 
30,000  pounds  of  dry  steam  per  hour,  will  be  as  shown  in  the 
following  table . 


F!G.  10— STEAM  AND  HORSE  POWER. 


Coal  Per  Dynamometer  Horse-Power  Hour  for  Locomotive  5266,  With 
Its  Present  Simple  Cylinders  and  the  Results  to  be  Expected  If 
the  Present  Boiler  Were  to  be  Fitted  With  Compound  Cylinders 
Similar  to  Those  on  No.  3000: 


Assumed  Evaporation 
Lbs.  of  Dry  Steam 
Per  Hour 

Corresponding 

Dry  Coal  Burned 
Per  Hour,  Pounds 

Dynamometer 
Horse  Power 
Locomotive  With 

Speed, 

IVIiles  Per'  Hour 

Dry  Coal  Pei^ 
Dynamometer 
li.  P.  Hour. 

Simple 

Cylinders 

Compound 

Cylinders 

Locomotive 
With  Simple 
Cylinders 

Same  Boiler 
With  Compound 
Cylinders 

30,000 

4983 

1032 

1204 

40 

4.82 

4.13 

30,000 

)4983 

948 

1106 

50 

5.25 

4.51 

30,000 

4983 

924 

1078 

60 

5.39 

4.62 

.69 

.74 

.77 


14.3 

14.1 

14.3 


Saving-  Expressed 
as  a Percentage 


46 


It  will  be  noted  that  this  percentage  of  saving  agrees  closely 
with  that  observed  under  engine  performance.  It  is  also  the 
saving  at  a point  where  the  simple  locomotive  is  at  its  best,  as 
before  noted,  namely,  at  its  maximum  horse-power.  Other  lower 
rates  of  evaporation  might  be  selected  where  percentages  of 
saving  would  be  much  higher. 


APPENDIX 


The  appendix  contains : 

1.  Description,  dimensions  and  proportions  of  the  locomotive, 
(pp.  48  to  53  inclusive. 

2.  Summary  of  average  results  of  tests,  (pp.  54  to  64  in- 
clusive. 

3.  Graphical  running  logs  showing  boiler  pressure,  total 
water,  total  coal,  revolutions  per  minute,  and  draw-bar  pull 
for  each  test.  Each  diagram  was  plotted  during  the  test  to 
which  it  refers,  (pp.  65  to  73  inclusive.) 

4.  riots  showing  relations  between  important  items  of  the 
tests,  (pp.  74  to  103  inclusive.) 

5.  Vibration  Diagrams,  (pp.  104  to  106  inclusive.) 

6.  Typical  indicator  diagrams.  A representative  set  of 
diagrams  from  each  test  is  shown,  (pp.  107  to  iii  inclusive.) 

7.  A typical  dynamometer  diagram  for  each  nominal  speed, 
(pp.  1 12  to  1 15.) 

8.  Illustrations  of  the  locomotive  showing  important  details 
and  location  of  testing  instruments. 
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Description,  Dimensions  and  Proportions  of  Pennsylvania  E2a 
Atlantic  (4-4-2)  Type  Locomotive  No.  5266. 

Built  at  the  Juniata  Shops  of  the  Pennsylvania  Railroad,  Altoona,  Pa.,  July,  1904. 


I 


3 

4 

5 

6 

7 

8 

9 

TO 
T I 


12 

13 


14 

15 


16 


T7 

18 

19 


Driving  Whi^els. 

Nnniber  of  pairs 

Approximate  diameter,  inches 


MEASURED  CIRCUMFERENCE,  FEET. 


Right,  No.  I 20.91 

“ “ 2 20.91 

“ “ 3 

“ “ 4 

“ “ 5 

Left,  “ 1 20.91 

“ “ 2 20.91 

" " 3 

a ii 

4 

" " 5 , 

Average 20.91  J 


ENGINE  TRUCK  WHEELS. 

Number  

Diameter,  inches 


TRAILING  WHEELS. 


Diameter,  inches 


WHEEL  base,  feet. 

Driving  wheel  base 

Total  wheel  base 

Gauge  of  wheels,  in  inches 


2 

80 


21.01 

21.01 


21.01 

21.01 


21.01 


4 

36 


50 


7.42 

30.85 

56.13 


WEIGHT  OF  ENGINE  WITH  WATER  AT  SECOND  GAUGE  COCK 
AND  NORMAL  FIRE,  IN  POUNDS. 


20  On  truck  37,167 

21  1st  drivers 53A34 

22  “ 2nd  “ 56,667 

23  " 3i*d  “ ^ 

24  “ 4th  

25  " 5th  ‘‘  

26  “ trailers  37, 000 

27  Total  184,167 

28  ''  on  drivers  110,001 


CYLINDERS. 

29  High  pressure,  number 

30  Low  ‘‘  “ 

31  Arrangement  


Outside 
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DIAMICTKK,  INClIl'S. 


32  IIi"h  pressure,  ri.i^lit 20.518 

33  “ “ left 20.812 

34  Low  “ rif^lit  


vSTKOKiC  01^  PISTON,  PlClCT. 


36  pressure,  ri^-ht 2.164 

37  “ “ left 2.164 

38  Low  “ riij^lit  


Crj-:AKANCr:  PKR  CTCNT.  OP  PISTON  DISPPACPMKNT. 

40  II.  P.,  rie^lit,  head  end  12.7 

41  “ " crank  “ 12.1 

42  “ left,  head  “ 12.4 

43  “ “ crank  “ 11.9 

44  L.  P.,  ri.i’Pt,  head  end  


46  “ left,  head  “ 

<<  <<  ‘‘ 


Rl'CiaVKR,  CUPIC  PlCPT. 

48  A^oluiue,  rii^-ht  side 

49  “ left  “ 


STPAM  PORTS,  INC  Ups. 


(Por  piston  vah'es  the  length  equals  the  circimiference  of  inside 
of  bushing  minus  the  sum  of  the  widths  of  bridges.) 


50 

H.  P.  admission 

, riq^ht,  head  end. 

leno^th 

— 19.87 

51 

a u 

ii 

width  

. . . . 1.48 

52 

u u 

“ crank 

ii 

length  

53 

u n 

ii  i6 

ii 

width  

1.48 

54 

i<  ic 

left,  head 

len£;th  

— 19.83 

55 

a iC 

“ “ 

ii 

width.  

....  1.48 

5^> 

ki  a 

“ crank 

ii 

lenp;th  

. . . . 19.86 

57 

a a 

a a 

width  

. . . . 1.48 

58 

L.  P. 

rio'ht,  head 

lem^Th  

59 

a ti 

ii  a 

ii 

width  

60 

a ii 

“ crank 

ii 

lenG;-th  

6t 

a a 

ii  ii 

width  

62 

a ib 

left,  head 

ii 

lencfth  

a a 

ii  ii 

ii 

width  

64 

a a 

“ crank 

ii 

leno-th  

^>5 

b b 4 b 

ii  ii 

ii 

width  

66 

II.  P.  exhaust. 

ri^ht,  lenofth. 

— 19.84 

67 

H (( 

“ width 

. . . . 2.98 

68 

a (< 

left,  leno-th 

. . . . 19.92 

69 

i(  n 

“ width 

. . . . 2.98 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

8o 

8i 

82 

83 

84 

85 

86 

87 

88 

89 

go 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

lOI 

102 

103 

104 

105 

106 

107 

108 

109 
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L.  P.  “ length  

width  

“ “ left,  length  

“ ‘‘  “ width  

riSTON  RODS,  DIAMETER,  INCHES. 

3472 

3-501 


IT  igh 

pressure, 

right 

left 

how 

right 

left 

TAIL 

, RODS, 

High 

pressure. 

right 

“ 

left 

Low 

a 

right 

left 

Tvpe. 

. . . .W 

7.0 

7-2 


1-5 

1-5 

1-5 

1-5 


VALVES. 

Ison  Balanced  Double  Ported  Slide 

Design American  Balance  Valve  Co. 

Per  cent,  of  balanced  to  total  area 75-70 

Type  of  link  motion Stephenson 

GREATEST  VALVE  TRAVEL,  INCHES. 

High  pressure,  right 

left  

Low  “ right  

‘‘  “ leh  

OUTSIDE  LAP  OE  VALVE,  INCHES. 

IIi.gh  pressure,  right,  head  end 

‘‘  “ crank  “ 

“ “ left  head  ‘‘  

“ “ “ crank  “ 

Low  “ right,  head  “ 

“ “ crank  ‘‘  

“ “ left,  head  “ 

“ crank  “ 

INSIDE  LAP  OE  VALVE,  INCHES. 

High  pressure,  right,  head  end negative  .16 

crank  ‘‘ 16 

“ ‘‘  left,  head  ‘‘  .14 

“ “ “ crank  “ 14 

IvOw  “ right,  head  “ 

“ “ “ crank  “ 

“ “ left,  head  “ 

“ “ “ crank  “ 

MISCELLANEOUS. 

Cylinder  lagging  material Magnesia 

“ jacket  “ Sheet  iron 

Lead,  forward  motion,  right negative 


left, 


4 


,51 


no  Area  of  steam  port  in  valve,  sq.  in 8.20 

iTi  “ “ exhaust  “ “ “ “ “ 8.20 

112  


it3 

1 14 

1 15 

116 

TT7 

I18 

TI9 

120 

I2I 

12:^ 

123 

124 

125 

126 

127 

128 

129 

130 

131 


132 

1^3 

134 

135 

136 

137 

138 

139 

140 

141 

142 
M3 

144 

M5 

iz}.6 

M7 

148 

149 

150 


r.oiLKR. 

Type Belpaire,  wide  fire-box 


Outside  diameter,  first  ring,  inches 67.0 

TUBES. 

Number  315 

Outside  diameter,  inches 2.00 

Thickness,  indies .125 

Length  between  tube  siheets,  inches 179-78 

Total  fire  area,  square  feet 5.26 

Serve  Tubes,  number  of  ribs 


“ sq.  in.  of  inside  surface  in  one  in. 
of  length 


Boiler  pressure,  lbs.  per  sq.  in 205 

SUrERIl  EATER. 

Number  of  tubes 

Outside  diameter,  inches 

Thickness,  inches 

Lengtih  of  tubes,  inches 


EIRE- BOX  (size  inside,  inches). 

Length  114.0 

Width  68.0 

Depth,  front  end 61.0 

“ back  “ 55.25 

Volume,  cubic  feet (no  arch)  233.31 

Air  inlets  to  ashpan  (dampers  closed),  sq.  ft....  0.0 

“ “ “ ■ “ ( “ open),  “ ‘V...  2.3 

“ “ “ “ increased,  ii-27-’o6,  to 6.3 


EIRE  DOORS. 


Number  i 

Area,  square  feet 1.59 


GRATES. 

Style Rocking  finger 

Total  area,  square  feet 55-5 

“ “ dead  grates,  square  feet 6.0 

Width  of  air  spaces,  inches 75 

AIR  inlet  areas,  SQUARE  EEET. 

Through  fire-box  sides 00 

“ grates  15.00 

“ fire  doors 03 


151 

152 

153 

154 

155 

156 

157 

158 

159 


iTk) 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 


179 


180 

t8i 

182 

183 

184 

185 

186 

187 


Total  air  inldts,  (148),  (149)  and  (150) i5-03 

Ratio  “ (149)  to  grate  area  ?i45) 0.27 

“ “ ‘‘  (151)  “ “ “ ('145)  0.27 

IIKATING  surface^  SQUARE  EEET. 

Of  the  tubes,  water  side 2471.04 

“ “ “ fire  “ 2162.40 

“ “ fire-box,  fire  side 156.86 

“ “ superheater,  fire  side ^ 

Total,  based  on  inside  of  fire-box  and  inside  of 

tubes  2319.26 

Total,  based  on  inside  of  fire-box  and  outside  of 

tubes  2627.90 

BOILER  VOLUMES. 

]Vit]i  zvater  surface  at  level  of  second  gauge  cock. 

Water  space,  cubic  feet 338.6 

Steam  “ “ “ 109.9 

Exhaust  nozzle. 

Double  or  single Single 

Size  of  right,  inches  ) Diani 5-625 

“ “ left,  “ I 

Area  of  rig'ht,  square  inches  ) 24.85 

“left,  “ “ I 

Total  area,  square  inches 24.85 

reverse  lever. 

H.  P.  cylinder,  notches  forward  of  centre 15 

T -p  " a U 


RATIOS. 

Heating  surface  (158)  to  grate  area  (145) 41-79 

Fire  area  through  tubes  (119)  to  grate  area  (145)  .09 
Fire-box  heating  surface  (156)  to  grate  area  (145)  2.83 
Tube  surface  (155)  to  fire-box  heating  surface  (156)  13.79 
Fire-box  volume  (136)  to  grate  area  (145) 4.20 


CONSTANTS  FOR  DYNAMOMETER  HORSE  POWER. 

{Pozvcr  dczrlofed  at  one  R.  P.  M.  zvlicn 
pull  is  one  pound.) 

0006367  and  .0006336 

CONSTANTS  I'OR  INDICATED  HORSE  POWER. 

{Pozvcr  developed  at  one  R.  P.  M.  and  one 


pound  M.  B.  P.) 

High  pressure,  cylinder,  right,  head  end 02168 

“ “ “ crank  “ 02106 

“ “ ‘‘  left  head  “ 02231 

“ ''  “ crank  “ 02168 


crank  “ 


crank  “ 


piston 

DlSPLACKMIvNT, 

CUIilC 

1 88 

pressure 

cylinder,  ri^ht 

head 

end 

• • • 4.97 

T89 

a a 

crank 

ii 

. • . 4-83 

TOO 

a a 

“ left, 

head 

ii 

...  5.11 

,91 

((  a 

ii  ii 

crank 

ii 

. . . 4.97 

T02 

IvOW  “ 

“ rin^ht. 

head 

193 

ii  ii 

ii  H 

crank 

ii 

T94 

((  ii 

“ left, 

head 

ii 

195 

i<  iC 

ii  ii 

crank 

ii 
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Test  Number 

Laboratory- 

Designation 

Hours 

Duration  of  Test 

Speed 

Position  of 
Levers 

Coal  Loss  Due  to 

Steam  Loss, 

Pounds  Per  Hour 

Revolutions 

Equivalent 

Reverse 

Notches  from 

Front  End 

Throttle 

Total 

Average 

Per  Minute 

Speed  in 

Miles 

Per  Hour 

Piston  Speed 

in  Feet 

Per  Minute 

196 

197 

198  1 

1 

199  1 
1 1 

200 

1 201 

202 

203 

204 

901 

80-15-F 

3.00 

14400 

80.00 

1 

19.10 

346.2' 

15.5 

Full 

51.15 

902 

80-20-F 

3.00 

14400 

80.00 

19.10 

346.2 

15.0 

“ 

64.40 

904 

80-25-F 

3.00 

14398 

79.99 

19.09 

346.2 

14.0 

46.08 

906 

80-30-F 

3.00 

14401 

80.00 

19.01 

346.2 

13.0 

66.58 

908 

120-20-F 

3.00 

21600 

120.00 

28.65 

519.2 

15.0 

(€ 

47.78 

910 

120-25^F 

3.00 

21600 

120.00 

28.65 

519.2 

14.0 

56.80 

912 

120-30-F 

2.50 

18000 

120.00 

28.65 

519.2 

14.0 

H 

111.90 

913 

160-15-F 

3.00 

28800 

160.00 

38.20 

632.4 

15.5 

it 

70.52 

914 

160-20-F 

3.00 

28800 

160.00 

38.20 

692.4 

15.0 

it 

120.00 

916 

160-25-F 

2.50 

24000 

160.00 

38.20 

692.4 

14.0 

it 

104.00 

917 

160-27-F 

3.00 

28800 

160.00 

38.20 

692.4 

13.5 

if 

72.42 

918 

160-30-F 

1.00 

9600 

160.00 

38.20 

692.4 

13.0 

a 

66.06 

920 

200-20-F 

2.50 

30000 

200.00 

47.75 

865.6 

15.0 

79.43 

922 

200-25-F 

1.20 

14400 

200.00 

47.75 

865.6 

14.0 

a 

138.20 

923 

240-15-F 

1.50 

21600 

240.00 

57.30 

1038.8 

15.5 

ft 

71.48 

924 

240-20-F 

1.00 

14400 

240.00 

57.30 

1038.8 

15.0 

2.37 

927 

280-15-F 

1.00 

16800 

280.00 

66.85 

1211.8 

15.5 

tt 

94.91 

929 

^90-1 

76.08 

15.5 

ft 

Test  Number  | 

Temperature, 

Degrees  Fahrenheit, 

of 

Steam  Lost  froni 
Boiler,  Lbs.  Per  Hr. 

Laboratory 

Designation 

Smoke 

Box 

Laboratory 

Steam  in  1 

Branch  Pipe  1 

Feed  Water 

Fire  Box 

By  Pj'rometer 

By 

Thermometer 

By 

Pyrometer 

Wet  Bulb 

Dry  Bulb 

1 1 

1 1 206 

207 

208 

209 

210  1 
( 

211 

212 

1 

213  ' 

1 1 

1 

1 214 

1 215 

216 

901 

80-15-F 

I I 

502  ' 

61.0  ' 

1 

54.0 

386.8  ' 

1 

48.0 

1 

1774 

1 1 

1 1 

1 

446 

902 

80-20-F 

579 

64.0 

54.5 

386.5 

46.4 

1918 

530 

904 

80-25-F 

618 

65.0 

58.3 

388.8 

48.0 

1803 

388 

906 

80-30-F 

630 

59.0 

48.0 

387.5 

40.0 

1915 

506 

908 

120-20-F 

644 

69.3 

62.8 

390.8 

48.5 

1859 

388 

910 

120-25-F 

672 

61.8 

52.3 

398.6 

47.6 

1965 

388 

912 

120-30-F 

665 

64.0 

57.0 

399.1 

42.2 

2077 

770 

913 

160-15-F 

633 

60.0 

53.5 

395.2 

45.2 

2078 

537 

914 

160-20-F 

654 

55.5 

45.5 

398.6 

43.7 

1952 

874 

916 

160-25-F 

681 

46.5 

42.0 

404.2 

42.2 

1935 

645 

917 

160-27-F 

719 

60.0 

53.5 

417.2 

46.8 

2058 

428 

918 

160-30-F 

740 

61.5 

50.0 

418.4 

50.1 

2143 

360 

920 

200-i20-F 

679 

53.0 

49.0 

403.6 

42.6 

2076 

556 

922 

200-25-F 

694 

54.0 

48.0 

408.7 

41.8 

2180 

832 

923 

240-15-F 

693 

60.5 

52.0 

400.9 

40.8 

2025 

381 

924 

240-20-F 

675 

61.0 

51.0 

401.8 

40.5 

2266 

11 

927 

280-15-F 

715 

51.5 

45.0 

398.8 

41.0 

2165 

541 

Q'9Q 

Q9n  1 TT 

*7 

oZU-iD-r 
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Test  Number  | 

i ! 

Laboratory 

Designation 

Presisure,  Lbs.  Per  Sq. 

, In.  , 

Draift,  Inches  of  Water 

Injectors 

In  Boiler 

In  Branch 
Pipe 

Air  in  Lab- 

oratory 
! Barometric 

In  Smoke  Boi 

o 

E 

In 

Ash  Pan 

Iljns. in  Action 

(D 

- 2 
> 

'Maximum 

Minimum 

Front  of 
Diaphragm 

Back  of 
Diaphragm 

Total, 

Right 

Total, 

Left 

217 

218 

219 

220 

221 

222 

223 

224 

226 

226 

227 

901 

80-15-F 

l 1 

201.3 

205.0 

196.0 

1 

198.3 

1 

14.06 

1 

2.0 

1.8 

0.6 

0.2 

2.9 

0 

902 

80-20-F 

200.1 

206.0 

196.0 

197.3 

14.16 

2.1 

1.9 

0.8 

0.1 

2.9 

0 

904 

80-25-F 

198.5 

201.5 

196.0 

192.8 

14.19 

3.3 

3.1 

1.4 

0.7 

3.0 

0 

906 

80-30-F 

202.6 

211.0 

195.0 

199.8 

14.15 

3.4 

2.9 

0.7 

0.3 

3.0 

0 

908 

120-20-F 

201.0 

203.0 

197.0 

197.7 

14.06 

3.9 

3.4 

1.7 

0.7 

3.0 

0 

910 

120-25-F 

200.5 

203.5 

197.0 

197.5 

14.12 

5.1 

4.5 

2.3 

1.0 

3.0 

0 

912 

120-30-F 

202.7 

206.5 

191.0 

197.8 

14.10 

4.9 

4.2 

1.4 

0.3 

2.49 

0 

913 

1160-15-F 

198.0 

204.0 

173.0 

195.0 

14.24 

3.1 

2.8 

0.9 

0.2 

2.81 

0 

914 

160-20-F 

202.9 

206.0 

200.0 

198.2 

14.30 

3.7 

3.2 

1.2 

0.2 

3.00 

0 

916 

160^25-F 

200.0 

205.0 

197.0 

195.0 

14.37 

5.2 

4.4 

1.5 

0.3 

2.50 

0 

917 

160-27-F 

188.4 

204.5 

171.0 

185.6 

14.15 

7.7 

6.2 

2.1 

0.3 

3.0 

0 

918 

160-30-F 

186.1 

195.5 

176.0 

181.8 

14.11 

8.9 

8.0 

3.0 

1.3 

1.0 

0 

920 

200-20-F 

202.0 

205.0 

199.0 

197.4 

14.12 

5.0 

4.2 

1.3 

0.2 

2.5 

0 

922 

200-25-F 

202.1 

205.5 

197.0 

197.1 

14.30 

6.0 

5.1 

1.6 

0.3 

1.2 

0 

923 

240-15-F 

196.4 

205.0 

181.0 

194.2 

13.97 

5.6 

4.7 

1.3 

0.2 

1.5 

0 

924 

240-20-F 

197.5 

203.0 

191.0 

195.1 

14.04 

5.4 

4.6 

1.4 

0.3 

1.0 

0 

927 

280-15-F 

194.4 

207.0 

182.0 

191.7 

14.03 

5.6 

4.9 

1.5 

0.2 

1.0 

0 

929 

320-15-F 

— 

— 

— 

— 

— 

— 

— 

Quality  of  Steam 

Coal.  .Sparks  and  Ash,  Pounds 

Test  Numbe] 

o 

o r; 

0) 

D, 

rH  0) 

Coal  Fired 

Total 

cj 

c 

o bo 

In 

Dome 

s 

C ^ 

c 

d 

fi 

e 

Degrees  o 
Superheat 
Branch  Pi 

Factor  o 
Correctic 
Dome 

'O 

c 

s 

j Total 

Per  Cent,  of  j 
Moisture  j 

0 'd 

os 

Combustible 
By  Analysis 

» d 

228 

22'9 

230 

231 

2321 

233 

234 

235 

2i36 

237 

901 

80-15-F 

.9856 

.9983 

0 

1 

.9898 

1 

Bituminous 

5134 

2.72 

4994 

4723 

271 

902 

80-20-F 

.9866 

.9997 

— . 

.9905 

5872 

1.20 

5802 

5392 

409 

904 

80-25-F 

.9860 

1.0022 

4.00 

.9901 

6598 

1.04 

6530 

6140 

397 

906 

80-30-F 

.9845 

.9994 

0 

.9891 

8896 

1.11 

8797 

8212 

585 

908 

120-20-F 

.9860 

1.0024 

4.2 

.9901 

«« 

7442 

1.04 

7365 

6926 

448 

910 

120-25-F 

.9860 

1.0069 

12.08 

.9901 

«< 

10112 

1.04 

10000 

9410 

608 

912 

120-30-F 

.9851 

1.0071 

12.43 

.9895 

it 

10107 

1.35 

9970 

9335 

634 

913 

160-15-F 

.9864 

1.0055 

9.6 

.9904 

a 

8415 

2.72 

8186 

7742 

444 

914 

160-20-F 

.9854 

1.0067 

11.72 

.9897 

it 

9247 

2.72 

8995 

8508 

487 

916 

120-25-F 

.9859 

1.0106 

18.57 

.9901 

it 

10848 

2.72 

10552 

9981 

572 

917 

160-27-F 

.9860 

1.0202 

35.51 

.9901 

a 

14557 

1.04 

14405 

13547 

876 

918 

160-30-F 

.9860 

1.0218 

38.38 

.9901 

a 

5640 

1.04 

5581 

5249 

339 

920 

200-20-F 

.9856 

1.0098 

17.16 

.9899 

if 

9494 

2.72 

9235 

8735 

500 

922 

200-25-F 

.9859 

1.0127 

22.23 

.9901 

if 

6062 

1.35 

5980 

5599 

381 

923 

240-14-F 

.9850 

1.0091 

15.93 

.9894 

it 

7706 

1.11 

7620 

7113 

507 

924 

240-20-F 

.9860 

1.0093 

16.29 

.9901 

6169 

1.11 

6101 

5695 

406 

927 

929 

280-15-F 

320-15-F 

.9854 

1.0084 

14.73 

.9897 

if 

if 

5068 

1.11 

5012 

4678 

333 

56 
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Coal,  Sparks  and  Ash,  Lbs. 

Analysis  of  Coal 

a) 

.Q 

S 

:3 

1 

H 

sS  o 

P 

Per  Hour 

Per  Cent. 

2 g 

O *10 

3s 

Cinders 
Collected  in 
Smoke  Box 

Sparks 
Discharged 
From  Stack 

Cinders 

and  Sparks 

Fixed 

Carbon 

Volatile 

Matter 

Moisture 

Sulphur; 

Determined 

i Separately  1 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

1 

901 

i 

80-15-P 

52 

16 

68 

75.87 

1 1 

16.14 

2.72 

5.27 

0.91 

902 

80-20-P 

46 

10 

56 

76.06 

15.77 

1.20 

6.97 

1.57 

904 

80-25-P 

82 

16 

98 

76.98 

15.96 

1.04 

6.02 

0.91 

906 

80-30-P 

66 

47 

113 

75.77 

16.54 

1.11 

6.58 

1.00 

908 

120-20-P 

101 

23 

124 

76.98 

15.96 

1.04 

6.02 

0.91 

910 

120-25-P 

236 

15 

251 

76.98 

15.96 

1.04 

6.02 

0.91 

912 

120-30-P 

110 

153 

263 

76.45 

15.92 

1.35 

6.28 

0.67 

913 

160-15-P 

98 

43 

141 

75.87 

16.14 

2.72 

5.27 

0.91 

914 

160-20-P 

194 

47 

241 

75.87 

16.14 

2.72 

5.27 

0.91 

916 

160-25-P 

302 

128 

430 

75.87 

16.14 

2.72 

5.27 

0.91 

917 

1 60-27-P 

492 

140 

632 

76.98 

15.96 

1.04 

6.02 

0.91 

918 

160-30-P 

987 

238 

1225 

76.98 

15.96 

1.04 

6.02 

0.91 

920 

200-20-P 

204 

85 

289 

75.87 

16.14 

2.72 

5.27 

0.91 

922 

200-25-F 

316 

208 

524 

76.45 

15.92 

1.35 

6.28 

0.67 

923 

240-1 5-F 

508 

84 

592 

75.77 

16.54 

1.11 

6.58 

1.00 

924 

240-20-F 

514 

95 

609 

75.77 

16.54 

1.11 

6.58 

1.00 

927 

929 

280-1 5-P 
320-15-P 

584 

58 

642 

75.77 

16.54 

1.11 

6.58 

1.00 

Calorific  Value  Per  Lb.  of  Fuel,  B.  T.  U. 

Analysis  of 

' Simoke-Box 

Gaises 

<n 

.P 

S-.  o 

p 

05 

Per  Cent. 

s 

S 

Laborat 

Designa 

P 

w 

<P 

U 

>> 

is 

p 

«« 

'B 

o 

1 

P 

o 

E 

«H 

o 

c 

0) 

bn  - 
0 

X 

O 

Carbon 

Monoxide 

CO 

Carbon 

Dioxide 

CO2 

Nitrogen 

N 

o 

O 

1 

248 

249 

250 

251 

252 

253 

254  1 

255 

! 1 

256  1 

1 

257 

258 

1 

901 

80-15-F 

15264 

16138 

11713 

10868 

9.26 

i 0 

10.46 

80.26 

902 

80-20-P 

15077 

16221 

10370 

11784 

8.40| 

10.67 

80.93 

904 

80-25-F 

15167 

16128 

12491 

11784 

11.80 

1 « 

7.80 

80.30 

906 

80  30-F 

15020 

16090 

11291 

10065 

8.53' 

1 ^ 

9.67 

81.80 

908 

120-20-P 

15167 

16128 

10606 

8484 

8.70 

1 « 

10.50 

80.80 

910 

120-25-F 

15167 

16128 

11194 

11017 

5.40 

1 ^ 

13.60 

80.90 

912 

120-30-P 

15057 

16079 

11998 

12057 

6.86 

11.33 

81.80 

913 

160-15-F 

15264 

16138 

12770 

8910 

6.86 

0.13 

112.20 

80.80 

914 

160-20-F 

15264 

16138 

11048 

9860 

10.30 

0 

9.06 

80.60 

916 

160-25-F 

15264 

16138 

9287 

9042 

9.73 

.06 

9.60 

80.60 

917 

160-27-F 

15167 

16128 

9701 

11617 

2.60 

.06 

14.40 

82.40 

918 

160-30-F 

15167 

16128 

11497 

10899 

4.70 

.06 

12.70 

82.00 

920 

200-20-F 

15264 

16138 

9471 

11378 

9.13 

.06 

10.33 

80.46 

922 

200-25-F 

15057 

16079 

11523 

11198 

6.60 

1.20 

10.20 

82.00 

923 

240-15-P 

15020 

16090 

10506 

9799 

5.20 

1.60 

11.00 

82.20 

924 

240-20-F 

15020 

16090 

12157 

11977 

6.40 

0.20 

11.00 

82.40 

927 

929 

280-15-F 

320-15-F 

15020 

16090 

11472 

12197 

5.60 

2.00 

10.60 

81.80 

57 

kSLJMMARY  of  average  results— locomotive  No.  52GG. 
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Water, 

n Poundis 

Dyn'aim'ometer 

Test  Xuimbe 

fel 

W 

Lost 

^ 'g  2 "2 

Dra\v-r>ar  I’lill  in  I’ouikIs 

Laborat 

Designa 

Delivere 
to  Injeotc 

From 

Boiler 

From 

Injectors 

c 

o 

1 

1 Total 

-g)  Cj  c! 
f-i  »,  P ^ 

o 5 

Average 

g 

1 

'x 

M 

Minimum 

259 

260 

261 

262 

263 

264 

265 
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11.82 

6.88 

2729 

49.17 

20759 

20559 
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12.24 
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Effective  Pressure, 

<v 

B 

:3 

^ o 

at  212° 

F.,  I’ouncls 

0) 

is 

u o 

O'  n. 

1*^011111108  Per 

S<iuare 

Inc-h 

O 

Per 

Pound  of 

^ ^-1 

I Jig'll 

1*  r ciSS'U  re  C yl  i nd  e r 

'A 

o bo 

3 

o 

<u 

o 

o 

Right  iSid'e 

Loft  Side 

w 

O) 

H 

m 0)  o 

PP 

B 

j !Hors€ 

1 

p 

fi 

Oi 

P 

Coal  8 
Firec 

P ^ 

Com 

r . 

Head 

End 

Crank 

End 

u ^ 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

1 

901 

80-15-F 

1 1 

17806 

1 1 

7.68 

1 1 

10.40 

1 1 

10.69 

1 

11.31 

1 

516.0 

67.65 

55.70 

67.50 

1 

59.20 

1 

59.83 

902 

80-20-F 

19546 

8.43 

9.99 

10.11 

10.88 

566.6 

64.76 

65.79 

74.64 

68.41 

66.40 

904 

80-25-F 

22466 

9.69 

10.21 

10.32 

10.98 

651.1 

65.71 

86.90 

86.30 

81.60 

83.07 

906 

80-30-F 

27519 

11.87 

9.28 

9.39 

10.05 

797.7 

60.38 

103.49 

105.12 

105.18 

105.85 

908 

120-20-F 

24434 

10.54 

9.85 

9.95 

10.58 

708.2 

63.36 

67.70 

68.90 

63.20 

64.70 

910 

120-25-F 

28330 

12.21 

8.40 

8.50 

9.03 

821. '2 

54.13 

81.90 

84.30 

80.40 

80.70 

912 

120-30-F 

33792 

14.68 

8.36 

8.47 

9.05 

979.4 

54.32 

90.61 

104.80 

95.76 

99.36 

913 

160-15^F 

25259 

10.89 

9.00 

9.26 

9.79 

732.1 

58.59 

49.65 

61.62 

53.51 

51.29 

914 

160-20-F 

26851 

11.58 

8.70 

8.96 

9.46 

778.3 

56.68 

53.36 

68.56 

59.44 

57.17 

916 

160-25-F 

32246 

13.90 

7.43 

7.64 

8.08 

934.7 

48.34 

65 . 95 

81.04 

72.16 

72.68 

917 

160-27-F 

34793 

15.00 

7.17 

7.25 

7.70 

1008.5 

46.17 

78.31 

75.64 

74.12 

76.08 

918 

160-30-F 

37170 

16.03 

6.59 

6.66 

7.08 

1077.4 

42.41 

81.07 

85.95 

78.44 

81.48 

920 

200-20-F 

31841 

13.73 

8.38 

8.62 

9.11 

922.9 

54.52 

54.83 

64.26 

58184 

57.20 

922 

200-25-F 

36981 

15.94 

7.32 

7.42 

7.93 

11071 .9 

47.59 

66.33 

77.33 

70;90 

67.81 

923 

240-15-F 

33383 

14.39 

6.50 

6.57 

7.04 

967.6 

42 . 25 

46.02 

57.53 

52.97 

52.18 

924 

240-20-F 

35014 

15.10 

5.68 

5.74 

6.15 

1014.9 

36.91 

49 . 69 

61.68 

56.30 

56.25 

927 

929 

280-15-F 

320-15-F 

35240 

15.19 

6.95 

7.03 

7.53 

1021.4 

45.20 

45.71 

43.32 

53.67 

49.63 

47.94 

44.75 

46.93 

47.02 

Test  Number 

Laboratory 

Designation 

Engines 

Mean  Effective  PrOiSisurc, 
Pounds  )Peir  ISq.  Inch 

f 

Receiver 

Nuimlber  of  Exiijansions 

Low 

Pressure  Cyiiinder 

Pressure 

Right  Side 

Leftside 

Right  Side 

Left  Side 

a> 

1 

Head 

End 

Crank 

End 

Head 

End 

Crank 

End 

ss 

hU 

-r- 

L,  H 

U ^ 

s « 

Crank 
End  j 

1 CfJ 

355 

356 

357 

358 

359 

360  1 
1 

361 

362 

^ 1 

363  1 
1 1 

364 

1 

901 

1 1 

80-15-F 

1 

1 

2.41 

2.19 

2.46 

2.34 

902 

80-25-F 

2.37 

2.10 

2.42 

2.28 

904 

80-25-F 

2.04 

2.00 

2.19 

2.09 

906 

80-30-F 

1.96 

1.86 

2.03 

1.88 

908 

120-20-F 

2.30 

2.11 

2.35 

2.24 

910 

120-25-F 

1.99 

1.94 

2.13 

2.02 

912 

120-30-F 

1.85 

1.67 

1.88 

1.81 

913 

160-15-F 

2.34 

2.08 

2.24 

2.24 

914 

160-20-F 

2.25 

2.05 

2.26 

2.08 

916 

160-25-F 

2.07 

1.85 

2.06 

1.93 

917 

160-27-F 

1.89 

1.92 

2.06 

1.98 

918 

160-30-P 

1.79 

1.75 

1.93 

1.86 

920 

200-20-1' 

2.26 

2.23 

2.14 

2.15 

922 

200-25-F 

2.08 

1.95 

2.09 

1.99 

923 

240-15-F 

2.29 

2.06 

2.21 

2.18 

924 

240-20-F 

2.10 

1.94 

2.20 

2.06 

927 

280-15-F 

2.19 

1.94 

2.27 

2.08 

929 

320-15-F 

— ^ — 
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i Test  Number  1 

i 

Laboratory 

Desi^ation 

Engines. 

Indicated  Horse  Power 

Division 

of  Power 

Higfh 

Pressure  Cylinder 

Low  Pressure  Cylinder 

High  1 

Pressure 
Cylinder 

Low 

Pressure 

Cylinder 

Right  Side 

Left  Side 

Right  Side 

Left  Side 

Head 

End 

Crank 

End 

Head 

End 

c -e 

Q W 

Head 

End 

Crank 

End 

Head 

End 

Crank 

End 

Right 

Side 

Left 

Side 

2 ^ ' 

Left 

Side 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

901 

80-15-F 

96.6 

113.7 

105.7 

103.8 

210.3 

209.5 

902 

80-20-F 

114.1 

125.8 

122.1 

115.2 

239.9 

237.3 

904 

80-25-F 

150.7 

145.4 

145.4 

144.1 

296.1 

289.5 

906 

80-30-F 

179.5 

177.1 

187.7 

183.6 

356.6 

371.3 

908 

120-20-F 

176.0 

174.1 

169.2 

168.3 

350.1 

337.5 

910 

120-25-P 

213.0 

213.0 

215.2 

209.9 

426.0 

425.1 

912 

120-30-F 

235.7 

264.8 

256.4 

258.5 

500.5 

514.9 

913 

160-15-P 

172.3 

207.6 

191.0 

177.9 

379.9 

368.9 

914 

160-20-F 

185.1 

231.1 

212.2 

198.4 

416.2 

410.6 

916 

160-25-P 

228.8 

273.1 

257.6 

252.1 

501.9 

509.7 

917 

160-27-F 

271.6 

254.9 

264.6 

263.9 

526.5 

528.5 

918 

160-30-F 

281.2 

289.6 

279.9 

282.6 

570.8 

562.6 

920 

200-20-F 

237.4 

270.7 

262.5 

248.0 

508.1 

510.5 

922 

200-25-F 

287.6 

325.7 

316.4 

294.0 

613.3 

610.4 

923 

240-15-P 

239.5 

290.8 

283.6 

271.5 

530.3 

555.1 

924 

240-20-P 

258.5 

311.8 

301.5 

292.7 

570.3 

594.2 

927 

280-15-F 

277.5 

316.5 

299.5 

284.9 

594.0 

584.4 

929 

320-15-P 

300.7 

334.6 

319.6 

326.4 

635.3 

646.0 

Enigines  [ Locomotive 


o 

t o 

Division  of 

Power 

1 

Consumed  Per  I.  H.  P., 

Dynamometer 
Horse  Power 

Pounds 

Per  D.  H.  P . 

cu 

o ■;:! 

5 

Total 

Total 

I.  H.  P. 

Per  Hour 

Per  ; 

Hour 

B.  T.  U. 

1 Per  D.  H.  : 
j Per  Hour 

m 

<v 

0 S 
5a 

S <1^ 

S ^ 

Left 

(Side 

Dry  Coal, 
Pounds 

Dry  Steam, 
Pounds 

1 

B T.  U. 

_Q 

u 

R 

Of 

Dry  Steam 

1 377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

1 

901 

1 

80-15-P 

210.3 

209.5 

1 

419.8 

3.97 

1 

33.54 

60598 

327.3' 

1 

5.09  ! 

1 

1 43.02 

77693 

902 

80-20-F 

239.9 

237.3 

477.2 

4.05 

32.27 

61069 

389.8 

4.96 

39.50 

74782 

904 

80-25-P 

296.1 

289.5 

585.6 

3.72 

30.65 

56480 

499.6 

4.36 

35.92 

66128 

906 

80-30-P 

356.6 

371.3 

727.9 

4.03 

29.94 

60531 

632.3 

4.64 

34.46 

69693 

908 

120-20-F 

350.1 

337.5 

687.6 

3.57 

28.81 

54160 

556.2 

4.42 

35.16 

67040 

910 

120-25-F 

426.0 

|425.1 

851.1 

3.92 

26.70 

59450 

721.1 

4.62 

31.51 

70070 

912 

120-30-F 

500.5 

514.9 

1015.4 

3.93 

26.63 

59174 

900.8 

4.43 

29.59 

66702 

913 

160-15-F 

379.9 

368.9 

748.8 

3.64 

26.75 

55560 

568.2 

4.80 

35.26 

73267 

914 

160-20-F 

416.2 

410.6 

826.8 

3.63 

25.34 

55408 

665.9 

4.50 

31.46 

68680 

916 

160-25-F 

501.9 

509.7 

1011.6 

4.17 

25.23 

63650 

830.7 

5.08 

30.73 

77541 

917 

160-27-F 

526.5 

528.5 

1055.0 

4.55 

26.50 

68964 

892.1 

5.38 

31.34 

81640 

918 

160-30-F 

570.8 

562.6 

1133.4 

4.92 

26.46 

74622 

975.0 

5.72 

30.83 

86750 

920 

200-2  0-P 

508.1 

510.5 

1018.6 

3.63 

24.83 

55410 

789.4 

4.68 

32.04 

71435 

922 

200-25-F 

613.3 

610.4 

1223.7 

4.07 

23.84 

61280 

980.6 

5.08 

29.75 

76480 

923 

240-15-P 

530.3 

555.1 

1085.4 

4.68 

24.60 

70294 

880.7 

5.77 

30.31 

86665 

924 

240-20-F 

570.3 

594.2 

1164.5 

5.24 

24.37 

78705 

902.8 

6.76 

31.43 

101535 

927 

929 

280-15-P 

320-15-P 

594.0 

635.3 

584.4 

646.0 

1178.4 

1281.3 

4.25 

23.81 

63835 

847.2 

896.9 

5.92 

33.12 

88918 
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Locomotive 


(V 

I.  H.  P., 

D.  n.  p.  1 

uPh 

Machine  Friction 

rO 

Per  S<iuiire 

Per  Square  ! 
Foot  of  1 

0)  . 

of  I.ocomotive, 

a 

l| 

3S 

J’ounas  at  Draw-liar 

Foot  of 

C . tc 

in  Terms  of 

-M 

W 

a; 

H 

Dry  Coal, 
Pounds 

Dry  Steam, 
Pounds 

B.  T.  U. 

1 

Pleating- 

Surface 

Grate 

Surface 

Heating 

Surface  ! 

Grate 

Surface  j 

Tractive  I 

Based  on  M 

Pound 

Horse 

Power 

(M,  E F., 

Pounds 

Draw-Bar  Pull, 

Pounds 

I 

' 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

901 

80-1 5-F 

2.57 

21.73 

39220 

.181 

7.56 

.141 

5.90 

8240 

92.5 

1 

13.34 

r 

1816 

902 

80-20-F 

2.51 

19.94 

37843 

.206 

8.60 

.168 

7.02 

9368 

87.4 

12.57 

1716 

904 

80-25-F 

2.20 

18.15 

33370 

.253 

10.55 

.215 

9.00 

11510 

86.0 

12.40 

1689 

906 

80-30-F 

2.34 

17.40 

35147 

.314 

13.12 

.273 

11.39 

14360 

95.6 

13.78 

1886 

908 

120-20-F 

2.23 

17.74 

33820 

.296 

12.39 

.240 

10.02 

9000 

131.4 

12.63 

1652 

910 

120-25-F 

2.36 

15.91 

35799 

.367 

15.33 

.311 

12.99 

11138 

130.1 

12.50 

1702 

912 

120-30-F 

2.24 

14.95 

33727 

.438 

18.29 

.388 

16.23 

13291 

114.6 

11.01 

1499 

913 

160-15-F 

2.43 

17.81 

37091 

.323 

13.49 

.245 

10.23 

7350 

180.6 

13.01 

1417 

914 

160-20-F 

2.27 

15.88 

34640 

.357 

14.90 

.287 

12.00 

8115 

160.9 

11.60 

1579 

916 

160-2  5-F 

2.58 

15.53 

39230 

.436 

18.22 

.358 

14.97 

9929 

180.9 

13.03 

1775 

917 

160-27-F 

2.72 

15.83 

41255 

.455 

19.01 

.385 

16.07 

10354 

162.9 

11.74 

1599 

918 

160-30-F 

2.89 

15.58 

43860 

.489 

20.42 

.420 

17.57 

11126 

158.4 

11.41 

1554 

920 

200-20-F 

3.63 

16.18 

55408 

.439 

18.35 

.340 

14.22 

8000 

229.2 

13.21 

1805 

922 

200-25-F 

2.57 

15.03 

38698 

.528 

22.04 

.423 

17.66 

9610 

243.1 

14.01 

1909 

923 

240-15-F 

3.40 

17.86 

51068 

.468 

19.56 

.380 

15.87 

7103 

204.7 

8.43 

1148 

924 

240-20-F 

3.41 

15.88 

51218 

.502 

20.98 

.389 

16.27 

7621 

261.7 

12.57 

1713 

927 

929 

280-15-F 

320-15-F 

2.99 

16.73 

44910 

.508 

21.23 

.365 

15.26 

6610 

6316 

331.2 

13.64 

1858 

Test  Number 

Laboratory 

1 Designation 

Locomotive 

■Ratios 

Maximum 

I.  H.  iP. 

1 

1 

Date  of  Test 

^Machine  Efficienc 
of  Locomotive, 
Per  Cent 

Efficiency  of  Loco-' 
motive,  Per  Cent.  ‘ 

Total  Weight  of 
Locomotive  to 
Maximum  I H.  P. 

Total  Heating 
Surface  to 
Maximum  I.  H.  P. 

Millions  of  Foot 
Lbs.  at  Draw-Bar 
Per  Hour 

1 

1 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

901 

1 

80-15-F 

77.96 

3.28 

5.39 

648 

429.7 

12-28-06 

902 

80-20-F 

81  .68 

3.40 

4.66 

772 

497.7 

1-15-07 

904 

80-25-F 

85.35 

3.85 

3.73 

989 

622.2 

11-20-06 

906 

80-30-F 

86.87 

3.65 

3.07 

1252 

756.3 

3-  4-07 

908 

120-20-F 

80.89 

3.79 

3.26 

1102 

711.9 

11^21-06 

910 

120-25-F 

84.71 

3.63 

2.67 

1427 

867.8 

11-22-06 

912 

120-30-F 

88.71 

3.82 

2.21 

1783 

1048.5 

12-15-06 

913 

160-15-F 

75.88 

3.47 

3.05 

1125 

759.8 

1-  3-07 

914 

160-20-F 

80.54 

3.71 

2.75 

1319 

843.0 

12-18-06 

916 

160-25-F 

82.11 

3.28 

2.26 

1644 

1028.5 

12-19-06 

917 

160-27-F 

84.56 

3.18 

2.07 

1766 

1120.1 

11-28-06 

918 

160-30-P 

86.02 

2.93 

1.99 

1930 

1160.7 

11-26-06 

920 

200-20-P 

77.49 

3.56 

2.20 

1563 

1053.5 

12-20-06 

922 

200-25-F 

80.13 

3.33 

1.86 

1941 

1247.8 

12-12-06 

923 

240-15-P 

81.14 

2.94 

1.76 

1495 

1319.7 

2-20-07 

9, '2  4 

240-20-F 

77.53 

2.51 

1.95 

1787 

1191.2 

2-16-07 

927 

280-15-F 

71.89 

2.86 

1.85 

1677 

1251.0 

2-21-07 

929 

320-15-F 

70.00 

— 

3-  7-07 
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Test  Number  | 

1 

Laboratory 

Designation 

i 

Duration  of  Test  | 
Hours  j 

Revolutions 

Per  Minute 

Equivalent  I 

Miles  Per  Hour 

Approximate  Cut-off, 

Per  Cent,  of  Stroke, 

High  Pressure  Cylinder 

Position  of 

Throttle 

Boiler  Pressure, 
Libs.  Per  iSq.  In. 

!Br.  Pipe  Pressure  1 

Lbs.  Per  Sq.  In.  | 

Draft,  Front  of 

Diaphragm, 

Inches  of  Water 

Dry  Coal  Fired 

Per  (Hour,  Pounds 

Dry  iSteam  Used 

Per  Hour,  Pounds 



196 

198 

199 

268 to271 

203 

217 

220 

' 222 

338 

341 

yol] 

80-15-P 

3.00 

80.00 

19.10 

15.7 

Full 

201.3  1 

198.3 

2.0 

1665 

14523 

902 

80-20-F 

3.00 

80.00 

19.10 

17.9 

Full 

200.1 

197.3 

2.1 

1934 

15922 

904 

80-25-F 

3.00 

79.99 

19.09 

23.7 

Full 

198.5  1 

192.8 

3.3 

2177 

18329 

906 

80-30-F 

3.00 

80.00 

19.01 

29.7 

Full 

202.6  1 

i 199.8 

3.4 

2932 

22290 

908 

120-20-F 

3.00 

120.00 

28.65 

18.8 

Full 

201.0  j 

197.7 

3.9 

2455 

19936 

910 

120-25-F 

3.00 

120.00 

28.65 

24.9 

Full 

200.5  i 

197.5 

5.1 

3333 

23102 

912 

120-30-P 

2.50 

120.00 

28.65 

31.7 

Full 

202.7  i 

i 197.8 

4.9 

3988 

27420 

913 

160-15-F 

3.00 

160.00 

38.20 

16.7 

Pull 

198.0  j 

j 195.0 

3.1 

2729 

20559 

914 

160-20-F 

3.00 

160.00 

38.20 

20.2 

Pull 

202.9  1 

198.2 

3.7 

2998 

21813 

916 

160-25-F 

2.50 

160.00 

38.20 

24.9 

Full 

200.0 

195.0 

5.2 

4221 

26174 

917 

160-27-F 

3.00 

160.00 

38.20 

27.7 

Full 

188.4 

i 185.6 

7.7 

4802 

28386 

918 

160-30  F 

1.00 

160.00 

38.20 

31.5 

Pull 

186.1 

181.8 

8.9 

5581 

30417 

920 

200-20-F 

2.50  200.00 

47.75 

19.5 

Full 

202.0 

197.4 

5.0 

3694 
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GRAPH  ICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 

TYPE  4-4-2 

CLASS 
NUMBER 


E 2 A 
5266 


TEST  NO.  901 


R.P.M.  CUT-OFF  THROTTLE 

80  15  F 


■e.  10 

P.M. 


LENGTH  OF  TEST,  MINUTES  AND  HOURS- 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE 
CLASS 
NUMBER 

subject: 


4-4-2 
E 2 A 
5266 

LOCOMOTIVE  TEST  WITH  SCALP  LEVEL  COAL 


R.P.M 

80 


TEST  NO.  902 


CUT-OFF  THROTTLE 

20  F 


ALTOONA,  PA.  1-15-07 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 

TYPE  4-4-2 
CLASS  E 2 A 
NUMBER  52S6 

subject:  locomotive  test  with  scalp  level  coal 


TEST  NO.  S04 


R.P.M.  CUT-OFF  throttle 

80  25  F. 


ALTOONA,- PA.  11-20-’06 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 

CLASS  E 2 A 

NUMBER  52SS 


TEST  NO.  90S 


R.P.M.  CUT-OF,F 

80  30 


THROTTLE 

F. 


G7 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 

TYPE  4-4-2 

CLASS  E 2 A 
N,UMBEP  5266 

subject:  locomotive  test  with  scalp  level  coal 


R.P.M, 

120 


test  no.  908 


CUT-OFF  THROTTLE 

20  F. 


ALTOONA,  11-21-’06 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


locomotive 
type  4-4-2 

CLASS  E 2 A 

NUMBER  5266 

subject:  LOCOMOTIVE  TEST  WITH  SCALP  LEVEL  COAL 


R.P.M 

120 


TEST  NO..  910 


CUT-OFF  throttle 

25  F. 


ALTOONA,  PA.  11-22-'06 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 

CLASS  E 2 A 

NUMBER  5266 

subject:  locomotive  test  with  scalp  level  coal 


TEST  NO.  912 


R.P.V.  CUT-OFF  THROTTLE 

120  30  F. 


ALTOONA,  PA.  12-15-’06 
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graphical  log  of  LOCOMOTIVE  TEST 


LOCOMOTIVE 

TEST  NO.  913 

Type 

4-4-2 

R.P.M. 

CUT-OFF  THROTTLE 

class 

E 2 A 

160 

15  F. 

NUMBER 

5266 

subject: 

LOCOMOTIVE  TEST  WITH  SCALP  LEVEL  COAL 

ALTOONA,  PA.  1-3-07 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 

CLASS  E 2 A 

NUMBER  5266 

subject:  locomotive  test  with  scalp  level  coal 


TEST  NO.  914 
R.P.M.  CUT-OFF  THROTTLE 

160  20  F 

ALTOONA  PA.  12-18-’06 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 

LOCOMOTIVE  TEST  NO.  916 

TYPE  4-4-2  R.P.M.  CUT-OFF  THROTTLE 

CLASS  E 2 A 160  25  F 

number  5266 

subject:  locomotive  test  with  scalp  level  COAL  altoona  PA.  12-19-’06 
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LENGTH  OF  TEST,  MINUTES  AND  HOURS 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 

TYPE  4-4-2 

CLASS  E 2 A 

NUMBER  5266 

subject:  locomotive  test  V'ITH  scalp  level  coal 


TEST  NO.  917 
R.P.M.  CUT-OFF  THROTTLE 

160  27  F 

ALTOONA  PA.  NOV.-28-’06 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 

LOCOMOTIVE  TEST  NO.  918 

TYPE  4-4-2  R.P.M.  CUT-OFF  THROTTLE 

CLASS  E 2a  160  30  F 

NUMBER  5266 

subject;  LOCOMOTIVE  TEST  V^ITH  SCALP  LEVEL  COAL  ALTOONA,  PA.  1l-26-’06 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 
CLASS  E 2a 
NUMBER  5266 

SUBJECT;  LOCOMOTIVE  TEST  WITH  SCALP  LEVEL  COAL 


TEST  NO  920 

R.P.M.  CUT-OFF  THROTTLE 

200  20  F 

ALTOONA,  PA,  12-20-’06 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 
CLASS  E 2a 
NUMBER  5263 

subject;  locomotive  test  with  scalp  level  COAL. 


TEST  NO-  922 
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200  25  F 
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A.M.  LENGTH  OF  TEST,  MINUTES  AND  HOURS. 
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GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


LOCOMOTIVE 
TYPE  4-4-2 

CLASS  E 2 A 

NUMBER  52SS 

subject:  locomotive  test  with  scalp  level  coal. 


TEST  NO  923 
R P.M.  cut-off  throttle 
240  15  F 

ALTOONA, PA.  2-20*’07 


GRAPHICAL  LOG  OF  LOCOMOTIVE  TEST 


locomotive 
TYPE  4-4-2 

CLASS  E 2a 

NUMBER  526S 

subject;  locomotive  TEST  WITH  SCALP  LEVEL  COAL 


TEST  NO.  924 
R.P.M.  CUT-OFF  THROTTLE 

240  20  F 

ALTOONA, PA.  2*!6*'07 
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GRAPHICAL  LOG  OF 

LOCOMOTIVE  TEST 

LOCOMOTIVE 

TEST  NO.  927 

TYPE 

4-4-2 

R.P.M.  CUT-OFF  THROTTLE 

CLASS 

E 2a 

280  15  F 

NUMBER 

5266 

subject;  LOCOMOTIVE  TEST  WITH  SCALP  LEVEL  COAL 

ALTOONA, PA.  2-l2-’07 
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FIG.  919— CROSS  SECTIONS,  LOCOMOTIVE  No.  5266. 
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FIG.  922— GRATE  AND  ASH  PAN,  LOCOMOTIVE  No.  5266. 


FIG.  923— VALVE  GEAR,  LOCOMOTIVE  No.  5266. 
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TESTS  WITH  HOLLOW  BRICK  ARCH. 


(Conclusions  and  recommendations  on  pages  6 and  7.) 

INTRODUCTION. 

1.  For  the  improvement  of  combustion  in  locomotive  fireboxes 
many  devices  have  been  suggested,  one  supposed  to  have  merit 
being  the  hollow  arch.  This  arch,  in  addition  to  maintaining  a 
uniform  furnace  temperature,  by  its  mass  of  heated  bricks,  also 
admits  air  above  the  fire  to  unite  with  the  combustible  gases. 
Combustion  of  these  gases  is,  in  many  cases,  but  partly  completed 
on  account  of  the  limited  supply  of  air  that  is  drawn  through  the 
grates,  and  it  has  been  thought  that,  if  additional  air,  passing 
through  a hollow  arch  and  becoming  heated,  could  be  mixed  with 
the  gases,  combustion  would  be  completed  with  beneficial  results 
in  economy  of  coal  and  emission  of  smoke.  The.se  expectations 
in  regard  to  air  admission  were  not  realized,  however,  and  the  hol- 
low arch  did  not  show  any  marked  advantages  over  an  arch  with- 
out air  admission,  but  the  advantages  of  the  latter  are  brought  out. 

Description  of  the  Arch. 

2.  A detail  of  the  arch  and  the  method  of  its  application  are 
shown  in  Fig.  6.  As  will  be  seen,  the  arch  was  formed  of  fire-clay 
segments  8f  inches  wide,  made  in  two  pieces  and  fitted  together 
at  the  center  of  the  span.  These  segments  were  hollow,  having 
air  passages  through  them.  The  arch  was  supported  by  angle 
irons  held  by  studs  in  the  firebox  sides.  Air  was  admitted  to  the 
air  passages  by  holes  drilled  in  the  dead  grate  castings  at  the 
front  of  the  firebox. 

3.  The  combined  area  of  the  six  air  passages  through  the 
arch  was  about  60  square  inches,  or  only  0.75  per  cent,  of  the  grate 
area.  The  total  area  of  the  openings  in  the  dead  grate  below  was 
140  square  inches. 
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Method  of  Making  the  Tests. 

4.  An  arch  of  the  hollow  brick  form  arranged  for  air  admission 
was  applied  to  class  “E2a”  locomotive  No.  5266,  and  with  modi- 
fications, tried  out  in  a number  of  tests,  other  tests  being  made 
on  the  same  locomotive  without  an  arch,  all  on  the  Locomotive 
Testing  Plant,  for  the  purpose  of  determining  to  what  extent  the 
amount  of  smoke  could  be  reduced  by  such  means,  and  whether 
and  how  much  the  evaporative  efficiency  of  the  boiler  could  be 
improved. 

5.  All  of  the  tests  with  arch,  with  one  exception.  No.  900.16, 
were  made  at  a speed  of  about  38  miles  per  hour,  or  nearly  160 
revolutions  per  minute,  with  a cut-off  of  25  per  cent,  and  fully 
open  throttle. 

Modifications  of  Arch: 

6.  The  first  arch  tried  was  the  short  form  as  shown  in 
Fig.  4.  The  arch  was  next  extended,  as  shown  in  Fig.  5,  and  in 
order  to  strengthen  the  end  support  for  the  arch  it  was  necessary 
to  cover  15  tubes. 

7.  The  arch  in  the  second  form  cracked  between  the  air 
passages,  and  just  after  the  test  was  completed  the  lower  part  of 
the  arch  separated  completely  and  fell  down.  It  was  then  re- 
built with  new  bricks  in  the  form  shown  in  Fig.  6,  where  it  will 
be  seen  that  the  front  end  of  the  arch  is  brought  much  lower 
down  and  is  well  supported  without  covering  any  tubes.  The 
supporting  angles  were  increased  in  size  to  by  2^  inches,  as 
lighter  angles  used  in  the  first  arches  were  found  to  sag  between 
fastenings. 

8.  With  this  large  arch,  in  two  tests,  the  back  end  of  the 
grate  was  blocked  off  so  that  the  total  grate  area  was  reduced 
from  the  normal  area  of  55.5  to  39.5  sq.  ft.,  or  a reduction  of 
about  29  per  cent. 

9.  In  three  tests  the  air  inlets  to  the  arch  were  closed  with 
fire-clay  so  that  the  arch  would  act  as  a simple  arch  without 
air  admission. 

• 10.  When  the  air  entered  the  firebox  through  the  arch  there 
was  no  means  of  determining  what  proportion  of  the  air  leaked 
through  the  joints  between  the  arch  segments.  It  was  not 
possible  to  make  these  perfectly  air  tight. 
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11.  One  test,  No.  900.16  with  arch,  and  in  which  test  the 
minimum  amount  of  smoke  was  produced,  was  made  at  a lower 
speed  and  earlier  cut-off  than  the  others,  and  air  was  admitted 
to  the  firebox  through  the  firedoor,  which  was  kept  on  the  first 
notch  of  the  latch  all  of  the  time  except  when  firing  coal.  No  air 
was  admitted  through  the  arch  in  this  case,  while  in  the  other 
tests  the  firedoor  was  kept  closed  when  not  firing  coal. 

12.  The  coal  used  was,  in  four  tests,  “Run  of  Mine  Penn 
Gas,”  in  seven  tests,  “Screened  Penn  Gas,”  and  in  one  test 
“Scalp  Level,”  see  tables  1 and  2. 

13.  Penn  Gas  coal  has  about  36  per  cent,  volatile  combustible 
material,  and  while  a good  coal  it  is  smoky  on  account  of  the  large 
amount  of  volatile  matter  It  is  a coal  which  should  show  im- 
proved performance  with  an  arch,  the  object  of  which  is  to  main- 
tain a high  furnace  temperature  and  thus  consume  all  of  the 
volatile  gases  as  they  are  given  off  from  a new  charge  of  fuel. 

14.  Scalp  Level  coal  is,  on  the  other  hand,  a very  low  volatile 
coal  for  a bituminous  coal,  having  as  little  as  16  per  cent,  of 
volatile  combustible  matter,  or  less  than  half  that  of  the  Penn 
Gas  coal. 

Results  of  Tests. 

15.  The  results  are  given  on  table  2.  Tests  900.2  and  952, 
made  without  any  arch,  are  shown  for  comparison.  Also  in  table 
1 are  given  two  additional  tests,  Nos.  900.1  and  951,  without 
arch,  for  comparison  of  smoke  readings. 

16.  The  test  results  are  plotted  in  Figs.  7,  8,  9 and  10.  On 
these  diagrams  no  curves  are  drawn  through  the  points  repre- 
senting the  brick  arch  tests,  but  the  number  of  the  test  is  given 
in  each  case  opposite  the  points  plotted.  Other  points  are  shown 
and  curves  drawn  to  show  results  obtained  with  the  locomotive 
without  any  arch  in  the  firebox,  but  fired  with  the  same  kind 
of  coal, 

T emperatures: 

17-  The  arch  covered  the  opening  in  the  side  of  the  firebox 
and  prevented  the  use  of  a firebox  pyrometer,  except  for  two  tests, 
and  in  these  the  temperature  was  about  15  per  cent,  higher  with  the 
arch  than  without.  This  is  shown  in  Fig.  7. 
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Evaporation: 

18.  All  of  the  tests  with  the  arch  and  high  volatile  coals  show 
results  in  evaporation  per  pound  of  coal  above  those  obtained 
without  the  arch.  There  appears  to  be  an  improvement  in  evapor- 
ation with  each  increase  in  the  length  of  the  arch,  and  the  best 
evaporation  obtained  was  with  the  long  arch  without  air  admission 
through  the  arch. 

19.  Test  900.17  made  with  Scalp  Level  coal,  with  the  arch 
and  without  air  admission,  gave  an  equivalent  evaporation  per 
pound  of  coal  of  7.79  pounds,  while  a test  of  this  coal,  under  like 
conditions  but  without  an  arch,  shows  an  evaporation  of  7.64 
pounds,  or  practically  the  same  result. 

20.  Scalp  Level  coal,  however,  is  almost  a semi-anthracite, 
and  gives  results  fully  equal  to  the  screened  Penn  Gas  coal  when 
not  burned  too  rapidly,  but  its  evaporation  falls  off  sharply  when 
forced,  on  account  of  unburned  coal  lost  through  the  stack. 

21.  From  these  tests,  at  rather  a low  rate  of  combustion  for 
Scalp  Level  or  a low  volatile  coal,  it  would  appear  that  the  steam- 
ing of  this  coal  cannot  be  improved  by  the  use  of  an  arch. 

Smoke: 

22.  Observations  of  the  effect  of  the  arch  upon  the  smoke  were 
made  according  to  the  Ringelmann  method.  The  average  smoke 
readings  are  given  in  the  following,  table  1 : 


Table  1,  Smoke  with  Arch. 


Test  No. 

Speed. 

Cut-  i 

OFF.  i 

Throttle. 

Smoke. ^ 

Arch. 

Coal. 

Grate. 

Miles  per 
hour. 

Per  cent. 

In  per  cent, 
of  Black. 

With  or 
without. 

Length  of 
— inches. 

Blocked  or 

open. 

Screened  or 
run  of  mine. 

Small  or  full. 

952 

38 

25 

Full 

46 

Without 

1 

Screened 

Full 

900  2 

38 

25 

Full 

46 

Without 

1 

R.  of  M. 

Full 

900.10 

38 

25 

Full 

1 46 

With 

33 

Open 

R.  of  M. 

Full 

900.11 

38 

25 

Full 

34 

With 

50 

Open 

R.  of  M. 

Full 

900.12 

38 

25 

Full 

28 

With 

62 

Open 

Screened 

Small 

900 . 13 

38 

25 

Full 

22 

With 

62 

Open 

Screened 

Small 

900 . 14 

38 

25 

Full 

20 

With 

62 

Open 

Screened 

Full 

900.15 

38 

25 

Full 

18 

With 

62 

Blocked 

Screened 

Full 

900.16 

28 

20 

Full 

2 

With 

62 

Blocked 

Screened 

Full 

900.17 

38 

25 

Full 

22 

With 

62 

Blocked 

R.ofM.=*= 

Full 

951 

28 

20 

Full 

38 

Without 

1 Screened 

Full 

900.1 

28 

1 

20 

Full 

34 

Without 

R.  of  M. 

Full 

* Scalp  Level  coal. 
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23.  In  test  900.16,  as  already  stated  (paragraph  11),  there 
was  very  little  smoke.  No  air  was  admitted  through  the  arch, 
but  the  firedoor  was  partly  open  for  air  admission. 

24.  There  is  a decrease  in  the  smoke  accompanying  the 
improved  evaporation  with  each  increase  in  the  length  of  the  arch, 
and  a further  slight  decrease  when  there  is  no  air  admitted  through 
the  arch.  In  table  1,  the  per  cent,  of  black  smoke  decreases 
from  46  to  18  per  cent,  with  increases  in  the  length  of  arch. 

25.  By  the  use  of  the  arch  the  high  volatile  coal  shows 
smoke  four  per  cent,  less  black  than  does  the  low  volatile  coal 
under  the  same  conditions  of  running. 

Conclusions. 

Evaporation: 

26.  The  use  of  the  brick  arch,  with  a high  volatile  coal,  such 
as  Penn  Gas,  results  in  an  increased  evaporation,  representing 
an  economy  in  coal  of  from  12  to  13 J per  cent.,  the  indication 
being  that  the  hollow  arch  has  no  advantage  over  the  solid  one. 
(Paragraph  18.) 

27.  With  a low  volatile  coal,  such  as  vScalp  Level,  the  arch 
does  not  appear  to  be  of  much  benefit.  (Paragraph  21.) 

Smoke: 

28.  The  admission  of  air  through  the  arch  does  not  appear 
to  decrease  the  amount  of  smoke  as  obtained  with  the  solid  arch. 
(Paragraph  24.) 

29.  The  smoke  from  a smoky  coal,  such  as  Penn  Gas  coal, 
can  be  reduced  by  the  use  of  the  arch  so  that  it  is  less  than  the 
smoke  from  a low  volatile  coal  without  an  arch,  but  it  cannot  be 
made  so  little  as  was  obtained  with  low  volatile  briquettes  without 
an  arch.  (Paragraph  25.) 

General  Conclusions: 

30.  The  best  results  were  obtained  with  the  long  arch  and 
with  air  admitted  to  the  firebox  through  the  firedoor.  The  in- 
crease in  economy  and  decrease  in  smoke  followed  closely  the 
increase  in  the  length  of  the  arch. 

Recommendations. 

31.  To  reduce  the  amount  of  black  smoke  and  to  improve 
the  economy  of  the  boiler  on  locomotives  where  there  is  con- 
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tinuous  firing,  as  on  long  runs,  a solid  arch  of  a length  greater 
than  one-half  of  the  firebox  should  be  provided. 

32.  The  reduction  of  smoke  and  the  saving  in  fuel  depend 
upon  the  servdce  in  which  the  locomotive  is  operated,  and  this 
as  well  as  the  maintenance  of  the  arch  should  be  given  con- 
sideration, so  as  to  save  the  expense  of  the  arch  when  it  is  known 
there  can  be  no  material  saving  by  its  use. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna., 

January  28,  1912. 
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GENERAL  ARRANGEMENT  OF  LOCOMOTIVE. 
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GENERAL  DIMENSIONS  OF  LOCOMOTIVE 
(CLASS  E2a) 


Total  weight  in  working  order,  pounds 184,167 

Weight  on  drivers,  in  working  order,  pounds — 110,000 

Cylinder  (simple)  size,  inches 20J  x 26 

Diameter  of  driving  wheels,  inches 80 

Firebox  heating  surface,  square  feet 156.86 

Heating  surface  of  tubes  (water  side),  square  feet. 2,471.04 

Total  heating  surface  (based  on  water  side  tubes), 

square  feet 2,627.90 

Total  heating  surface  (based  on  fire  side  tubes),  square 

feet 2,319.26 

Grate  area,  square  feet.. 55.5 

Boiler  pressure,  pounds  per  square  inch 205 

Valves,  type... Wilson  double  ported,  slide 

Valve  gear. , Stephenson 

Firebox,  type Wide,  Belpaire 

Number  of  tubes 315 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 180 
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THE  BOILER. 
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THE  GRATE. 

It  can  be  shaken  in  four  separate  sections.  There  is  a drop  grate  at  the  front  and  rear 
and  a dead  grate  at  the  forward  end. 

Fig.  3. 
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LOCOMOTIVE: 

TTPE  -4 — A-'2. 
CLAS9  ^'2.^ 
NUMBER 


Pennsylvania  Railroad  company. 


test  no«.  SOO.IO 


TEST  DEPARTMENT 


SUBJECT;  ARtCM  'TRlAUti 


AwroOM A,  Pa.,  7-ZS-'ot 


THE  FIRST  OR  SHORT  FORM  OF  ARCH. 

This  arch  was  too  small  to  show  much  improvement  in  evaporation  or  smoke. 
Fig.  4. 
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Pennsylvanja  railroad  company 


L.OCOMOTIVE; 

TYPE 

CLASS  EJZa^  TE^T  0EP*ARTM6MT 

NUMBER  S'2.<S><£> 

SUBJECT;  BRICV<.  A«t=«C.H  -TP«A^\-B 


TEST  No.^OO.II 


AuTOONA.  PiU,T-  -ZB- o-r 


<^OO.A 


THE  SECOND  FORM  OF  ARCH. 

It  is  longer  than  the  first  form,  and  while  the  lower  row  of  tubes  was  covered  it  gave 
better  results  than  the  first  arch. 

Fig.  5. 
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Pennsylvania  Railroad  Company 

LOCOMOTIVE.: 

TYPC  ^ ”2. 

CUAM  E.‘2a^  XEST  OCMARXhACNT 

NUMBEA  TKBT  Mo.  ^OO.  l‘2_ 

Soo,  1-5  - I -4.  - I s -U-17 

SUBJECT:  BR\c*<A«c.h  TR.iaL'S  AL.TooNA,Rk.,  T- 2.5-07 


l-OC.OMOPr»v«.  'T\\_t  P'W»^rM\B*-»B.O 

H A.«^e\%OM-WAU<&R  Bt.Ff<ACTORlUCo. 
D«^AW»N<*  ISo.  TiaOZ'S  OATfLO  &-2-»^a7 


OC^A**!-  ARCM  -I 

•0 


QOO-5 


THE  LONG  ARCH  WITH  THE  FRONT  END  DEPRESSED  TO  CLEAR  THE  TUBES. 

. This  arch  was  used  with  the  air  inlets  both  closed  and  open  and  with  part  of  the  rear  portion  of  the  grate 
covered  with  firebrick.  This  arch  shows  the  best  results  and  there  was  least  smoke  when  the  air 
passages  were  closed. 


Fig.  6. 
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TEMPERATURE  OF  FIREBOX  AND  SMOKEBOX. 

The  points  with  numbers  are  arch  tests.  The  other  points  and  curves  are  for  tests  without  arch.  Tests 
10  and  11  were  with  run  of  mine  coal,  and  they  show  a temperature  of  firebox  about  15  per  cent, 
above  that  without  an  arch. 


Fig.  7. 


N.  J. 


CO-ORDINATE  PAPER.  J a WEBB,  Hoboken,  N.  J.  negative, 
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» 


EVAPORATION  PER  POUND  OF  DRY  COAL  AND  COAL  FIRED  PER  SQUARE  FOOT  OF  GRATE. 
The  numbered  points  represent  Arch  Tests.  Those  without  numbers  and  the  curves  are  for  tests  without 
an  arch  in  the  Firebox.  Tests  10  and  11  were  with  run  of  mine  coal,  12  to  16  with  screened  coal, 
and  17  was  a different  coal  from  the  others. 


Fig.  8. 


CO  ORDINATE  PAPER.  J B Webb.  Hoboken. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 
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It-RO  \D 


OMPAh^Y 


EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 

The  evaporation  is  about  12  per  cent,  more  per  pound  of  coal  with  the  arch  in  its  best  form.  Note  the 
low  evaporation  (point  17)  with  a low  volatile  coal. 

Fig.  9. 


co-ordinate  paper.  J.  B.  Webb.  Hoboken.  N.  J. 


CO  ORDINATE  PAPER.  J B.  Webb.  Hoboken,  N.  J. 
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Hil!! 


BOILER  EFFICIENCY. 

The  efficiency  is  increased  with  the  arch,  as  shown  by  the  points  with  numbers.  Without  the  arch,  the 
efficiency  is  from  51  to  64  per  cent.  With  the  arch  it  is  from  55  to  74  per  cent. 

Fig.  10. 


CO-ORDINATE  PAPER.  J.  B.  Webb,  Hoboken,  N.  J. 
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LOCOMOTIVE: 

TYPE  '4—4- -2- 

CLA8S EX  A. 

NUMBER 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  i.  Washington  Railroad  i 
Northern  Central  Railway  Company 
West  Jersey  & Seashore  Railroad  Company 


TEST  DEF»ARTIVIErgT 


Average  Results  of  Locomotive  Tests 


Test  nos.,  3oo.  2. 

’aoOsipTfllT 


SUBJECT:  BRIC.K  ARCH  “TRyAUS 


Altoona,  Pa.,  B-. - O'? 


DRIVING  Wheels 
Number  of  Pairs  


■z 

S O 


Approx.  Diameter,  inches 

Engine  Truck  Wheels 
Number 4- 


Diameter,  inches. 


3€. 


TRAILING  Wheels 

Diameter,  inches 

Wheel  Base,  Feet 

Driving  Wheel  Base 

Total  Wheel  Base ■^o-SS 

Gag6j)f  Wheels  5€».  > 3. 

WEIGHT  OF  ENGINE  WITH  WATER 
AT  20.  GAGE  COCK  AND  NORMAL 
FIRE.  POUNDS 

On  Truck 37.».&7_ 

“ 1st  Drivers 51>3>^ 

“ 2d  “ 

“ 3d  * " - 

“ 4th  “ 

" 5th  ‘ 

“ Trailers  37PO  O 

Total  

“ on  Drivers .1  I Q OOl 

Cylinders 

Diam.  and  Stroke,  H P _ 20. 5X2© 
“ “ “ L.  P TTZ 


clearance  in  per  cent,  of  piston 

DISPLACEMENT 

H.  P.  Right,  Head  End . 

“ “ Crank  “ V?-  • 

“ Left,  Head  “ 

* “ Crank  “ 

L.  P.  Right,  Head  “ 

“ “ Crank  “ 

* Left,  Head  “ 

* * Crank  “ 


W 


Receiver,  Cubic  feet 

Volume  Right  Side 

* Left  “ 

Steam  ports,  inches 
H.  P.  Admission,  Length  ._  \® 

* ‘ Width 

L.  P.  * Length 

* * Width  . 

H.  P.  Exhaust,  Length 

* “ Width  . 2..  s>a 

L.  P.  “ Length 

* “ Width  " 


Piston  rods,  Diameter 
inches 

High  Pressure 3 

Low  “ 


4T2, 


Tail  Rods,  Diameter, 
inches 

High  Pressure **' 

Low  “ 


Valves 

Type  OPUBUC  POWT&O  St-\OE  . 

nMignA>Mt:RtC/\W  BA\-.VAL.VtL  CO. 

Per  Cent.  Balanced T? 

Type  of  Valve  Motion 

Greatest  valve  travel 
High  Pressure,  inches 


Low  “ “ 

Outside  Lap  of  Valve 
High  Pressure,  inches  . 

Low  “ “ 


Inside  lap  of  Valve 
High  Pressure,  inchesWKQA-rtvc 
Low  * ' 


boiler 

Type ^ct-v»AtRc  wtoc  rtnt-eox 

Outside  Diam.  1st  Ring 

Tubes 

Number 

Outside  Diam.,  inches  ?.  r Q_ 

Pitch  “ Z-©25 

Length  Between  Tube  * 

Sheets,  inches t “1 3 -JIS 

Total  Fire  Area,  sq.  ft S.g.s 

Boiler  Pressure,  pounds  2.05 

Superheater 
Number  of  Tubes 

Outside  Diam.  “ inches 

Length  of 


1S4 

165 

166 
157 

*158 

169 


Firebox,  inside,  inches 

Length o 

Width 

Air  Inlets  to  Ashpan, 

sq.  ft.  __  . 3) 

GRATES 

Type 'ROCK ItSk.GL  FtnCjER^ 

Grate  Area,  sq.  ft. _ 5 5.5 

Area  of  Dead  Grates  €>.  o 


Heating  Surface, 

Square  feet 
Of  the  Tubes,  Water  Side_. 

• • ‘ Fire  “ ZlfeZ-Ao 

* “ Firebox,  “ “ 

“ “ Superh’r,  " “ 

Total,  Based  on  “ “ 23\3  .■Z.fe 

of  Firebox  and 

Water  Side  of  Tubes  ZG’a.T.QO 

Boiler  volume 
WITH  water  SURfIoE  AT  LEVEL 
of  20  GAGE  COOK 

Water  Space,  cu.  ft.  . 33S.S_ 

Steam  “ “ “ 1 03. 3 

Exhaust  nozzle 

Double  or  Single 

Sire,  inches 5-  €>'2.5 

Area,  sq.  inches 24.  S5 

REVERSE  LEVER 

H.  P.  Notches  Forward  of  Center  1 B 

L.  P.  Notches  Forward  of  Center 

RATIOS 

Heating  Surface  (158)  to 

Grate  Area  (145)  _ ^-l. 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145)  _ ‘ 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  2. 

Tuoe  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156)  


Twe.  ASOvre.  ITELMS 

tsowMAV- 

DIMEM^»\0T«»«=>  or  THE 

U-OCOMOTWEL  VVVTW  FUL-L- 
CiRA-TE.  AVACLA 


•USED  IN  CALCULATIONS 


DIMENSIONS  OF  LOCOMOTIVE  5266. 
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SxioH 

LOCOMOTIVE:  _ 

TYPE 

CLASS  E..ZA 
NUMBER  S/Z&G? 


Pennsylvania  Railroad  Company 

Philadtiphia,  Baltimore  A Waahington  Railroad  Oompany 
Northern  Oentral  Railway  Company 
Went  Jeraey  A Seashore  Railroad  Company 
TEST  DE^AFt-rivn  crvix 

Average  Results  of  Locomotive  Tests 


FUELi  PEMN  CiA^ 

AtdO  Scaup  wtycw  ..COA  U. . 


SUBJECT  : H>1=neK  A>RCK  XRVA.\_S. AltOONA,  Pa.,JB- \ 2>- OT 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Milos 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

4 

Actual 

Cut-off 

Per  Coot, 
H.P. 
Cylinders 

ARC  Vi 

OP* 

MO 

AVRC-H  1 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water  , 

Draft  1 

In  1 

Ash  Pan, 
Inches 

of  Water.  | 

CilorWc 
Value 
of  Dry 

Fool, 

B.T.U.  per  Lb. 

Cinders 
Collected  In 
Smoke  Box, 
Pounds 
per  Hour 

i.  r.  M.  Cet-ett  Thisttlt 

196 

199 

203 

268  tl  271 

1 

1 217 

222 

226  1 

248 

238 

ssz 

900.Z 

900.10 

soo.ri 

000.12 

900.15 

900.14 

900.15 

900.16 

900.17 

l€»0-  29 -F 
l€»0-25-F 
l€>0-25-F 
ie>0-25-F 
|feO-  25-F 
IGO-  25 -F 
IGO-2&-F 
lfeO-25-F 
120- 20- F 
IGO-2&-F 

‘Z-.So 

2. SO 

2.1-1 

z.ao 

\ . oo 

2. BO 

2 • oo 

1 .SO 

2.00 

2.  oo 

3atoe 

3“I.fe5 

3n.&5 

3T.as 

ST.CeS 

3T  C.S 

3T.&& 

3T.G,5 

ZA.-Z^ 

3T.&S 

FlaUI. 

tt 

«« 

No  AfACH 
NoApch 
AWCH 

zo\  .a 

2o  1 . 5 
ias.4 

laa.a 

Z03.1 

Zoo  fo 

2o3.  o 

303.  n 
2oz.  Z 
Zoz.z 

3 . a 

4.  1 
4.  -| 

4. -I 

5.  3 

5 3 

5 O 

3.8 

3.0 

5.Z 

.2  1 

.2 

.2 

.Z 

.2 

.2 

.2 

.2 

. 1 

-■Z-  1 

14  844 

14  3<oO 

14340 

14340 

14aT  z 
i-ia-iz 

i4a-72 

waTz 

I49-?Z 

V 54oZ 

48 

1 oo 

135 

84 

144 

14  0 

7a 

1 20 

43 
30  Z 

TEST 

NUMBER 

BOILER  PERFORMANCE  II 

1 ENBIIE  PERFORMANCE 

Dry  Fatl 
Rred 
per  Hoar, 
Poandi 

Dry  Fael 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212®  F.,  POUNDS 

Boiler 

Horse 

Power 

(34»U.ofE.) 

Efficiency 
of  Boiler, 
Based 

Fuel 

SMOKE. 

HUMBER 

Prassuie 

In 

Branch  Pipe, 
Pounds 
per  Sq.  la. 

Superheat 

In 

Branch 

PIpn, 

Degrees  F. 

Per 

Hour 

Pur  Hour 

Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

346 

347 

349 

360 

220 

230 

952 

900.2 

900.10 

900.11 

900.12 

900.13 

900.14 

900.15 

900.16 

900.17 

sTfea 

3S<ST 

3“3os 
33T-f 
3eo  1 
3'2S& 

2oSo 

‘403-1 

aa.-i-z 

feT  ZO 

az.scs 

znsaa 

z&aza 

2<iZ13 

Z&034 

ZTC.83 

2&.ir)3o 

2&SA& 

2Taa4 

2oooa 

ze3c>2 

33-T^‘4 

32232 

3v3a‘<4 

31\^4 

33045 

31  5-ie 

311  20 
33o\\ 
23B3e 

lA.Sti. 

13. ao 

13  S3 

/-4-oc. 

1-4.92 

14. 2C, 

1-4.32 

1-4.ao 

10.TC, 

\-4.2o 

8.9^ 

a. 34 

a.ao 

a.  28 

a.4<3 

9.3<i 
s.a  » 

VO  0 5 

VV.4<6 

n.-ja 

9Ta.-i 

934.  3 
9oa.-| 

90Z.-I 

asn.  a 

avs.  3 

a\a.4 

aso  a 

&ai.o 

S\\.  s 

sa.zz 

Se>.o3 

sa.ia 

€»2.41 

5-1.  5T 
40. 38 

e,3.a3 

G4.a3 
73  83 

48. 8S 

Z.3  j 

2.  3 

Z.  3 

1.-I 

1.4 

1-  1 

1.0 

•a 

.1 

\.  1 1 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

t-t1««6TH 

OF" 

AkReH 

Drawbar 

Pull, 

Pounds 

Dynamometer 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermtl 

Efficiency 

of 

Locomotive, 
per  Cent., 
(Based  onFuel) 

KlfMO 

or 

COKU 

214 

379 

380 

381 

265 

383 

364 

386 

398 

399 

952 

8-14  8 

888.8 

4.24 

3 0.74 

4.  04 

PEHN  Gas 

900  ,»2 

8847 

888.  5 

4.30 

Z8.55 

4 12 

. .. 

900,10 

2-9' 

8378 

841.  S 

414 

3o.  \z 

4.  ZS 

900.11 

4-'- 2“ 

8482 

8SZ.  8 

3.94 

So-ZZ 

450 

- 

900.12 

5-2” 

88ZZ 

885.9 

4-4  1 

30.8Z 

3.8S 

- 

900.13 

5-2" 

8433 

844.9 

3.88 

30. 18 

4 37 

- .. 

900  .14. 

5-2* 

874  Z 

878.  9 

3.44 

28.84 

4.47 

- 

900.15 

5-2* 

8804 

8^4.  1 

3.48 

30.45 

4.4  2 

900.16 

5-2' 

7783 

584. 1 

3.BS 

31. Z& 

4.79 

•• 

9oo.n 

5-2'^ 

aass 

8o3,c 

4.4-T 

28.84 

3.70 

SCALP 

1-6YSL 

Table  2. 

RESULTS  OF  TESTS  WITH  AND  WITHOUT  ARCH. 

Tests  900.2,  900.10,  900.11  and  900.17  were  made  with  run  of  mine  coal;  the  others  with  screened  coal. 
The  tests  were  from  one  to  two  and  one-half  hours  long. 
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LOCOMOTIVE  TESTING  PLANT. 


PISTON  VALVES. 


(Conclusions  and  recommendations  on  pages  6 and  7.) 

INTRODUCTION. 

1.  In  the  tests  of  piston  valves  described  in  this  Bulletin  some 
remarkable  results  were  found  in  steam  leakage  with  one  type  of 
valve.  Valves  of  the  Company’s  own  make  are  found  to  have 
very  substantial  advantages  in  price  over  valves  of  outside 
manufacturers. 

2.  Two  forms  of  piston  valves  are  in  extended  use  on  our 
locomotives,  one  the  American  Semi-plug,  as  used  on  the  Lines 
East,  and  a valve  which  will  be  designated  the  “L”  type,  much 
used  on  the  Lines  West.  Another  form  of  valve  is  the  Stayman 
Self-expanding  Valve.  This  Stayman  valve  is  not  used  on  our 
locomotives. 

3.  While  the  three  valves  differ  in  details  of  construction, 
their  overall  dimensions  were  alike  so  that  they  would  be  expected 
to  give  practically  the  same  distribution  of  steam  in  the  cylinder. 
Differences  in  service  were  to  be  looked  for  in  the  amount  ol  steam 
leakage  under  various  conditions  of  running. 

4.  Satisfactory  service  has  been  obtained  with  both  the  Amer- 
ican and  “L”  type  form  of  valve,  and  these  trials  were  undertaken, 
not  because  of  defects  found  in  the  valves,  but  in  view  of  the  lower 
first  cost  and  lower  repair  costs  of  the  ‘.‘L”  type  valves,  to  deter- 
mine their  performance  under  identical  conditions,  where  the  steam 
and  coal  used  could  be  accurately  measured. 

5.  The  amount  of  wear  and  the  expense  of  maintenance  of  the 
valves  could  not  be  determined  on  the  Testing  Plant.  These 
items  could  be  determined  only  by  wearing  out  the  valves  in 


service. 
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Description  of  Valves. 

The  S layman  Valve. 

. 6.  The  Stayman  Self-expanding  Piston  Valve  is  shown  in  the 

photographs,  Figs.  2 and  3.  The  valve  is  made  up  of  a section 
of  four  and  one-half  inch,  wrought  iron,  pipe  screwed  into  castings 
which  carry  the  packing  rings.  There  is  a split  cast-iron  ring  fitting 
on  the  valve  spindle  and  outside  of  this  ring  there  is  a heavy  cast- 
iron  ring  divided  into  three  segments.  The  segments  are  held 
together  by  brass  plates  and  pins.  The  ring  does  not  come  apart 
when  the  valve  is  removed  from  the  valve  cages. 

7.  The  wearing  surface  of  the  valve  ring  is  2J  inches  wide  and 
has  grooves  as  shown  on  the  drawing.  Fig.  5.  Besides  the  valve 
stem,  the  heads  of  the  valve  are  held  together  by  one  through  bolt. 
The  valve  is  12  inches  in  diameter,  32J  inches  long  over  the  pack- 
ing rings,  is  made  up  of  10  principal  parts  and  weighs  188  pounds 

8.  The  valve  was  furnished  for  test  by  the  Cockburn  Barrow 
& Machine  Company  of  New  York,  N.  Y. 

The  American  Valve. 

9.  The  American  Balance  Valve  Company’s  Semi-plug  valve, 
as  shown  in  the  two  photographs  with  the  Stayman  valve,  is  of 
the  same  design  as  the  one  tested,  but  is  larger  in  diameter.  In 
the  tests,  however,  the  valve  used  was  a 12  inch  one.  The  rings 
of  this  valve  are  shown  on  the  drawing.  Fig.  4. 

10.  The  American  valve  is  made  up  of  17  principal  parts  and 
weighs  161  pounds,  the  heads  being  held  together  by  two  bolts, 
in  addition  to  the  valve  stem.  The  rubbing  face  of  the  valve  is 
formed  by  two  narrow  expanding  or  snap  rings  connected  by  a thin, 
wide  ring  having  a number  of  “V”  shaped  grooves.  Under  this 
wide  connecting  ring  there  are  wedge-shaped  rings  as  shown  in 
Fig.  4,  and  from  the  chamber  under  the  wedge  rings  there  are  18 
small  ports  leading  to  the  live  steam  side  of  the  valve. 

11.  This  is  the  standard  valve  for  the  “H6b”  class  of  loco- 
motive, and  is  made  by  the  American  Balance  Valve  Company  of 
Jersey  Shore,  Pa. 

The  “L”  Type  Valve. 

12.  The  “L”  type  valve  is  shown  on  the  photographs.  Figs. 
2 and  3 and  on  the  drawing.  Fig.  6.  It  is  made  up  of  a section  of 
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8 inch,  outside  diameter  pipe,  riveted  to  steel  castings  at  the  ends. 
The  heads  also  of  the  “L”  type  valves  were  of  steel  in  the  valves 
tested.  There  are  two  “ L”  shaped  cast-iron  packing  or  snap  rings 
with  a cast-iron  separating  ring  between  them.  The  separating 
ring  is  not  divided  or  split. 

13.  The  packing  rings  are  divided  and  are  held  from  turning 
by  pins  on  the  lower  side  of  the  valve  spindle.  The  heads  are  held 
in  position  by  the  nut  on  the  valve  stem,  there  being  no  through 
bolts  as  in  the  other  two  valves.  The  valve  is  12  inches  in  diam- 
eter, 32i  inches  long  over  the  packing  rings,  is  made  up  of  10  prin- 
cipal parts  and  weighs  137 J pounds.  The  valves  were  furnished 
by  the  Pennsylvania  Lines,  Fort  Wayne  Shops. 

Method  of  Conducting  the  Tests. 

14.  Two  different  “II6b”  locomotives  had  to  be  used  for 
these  tests;  first.  No.  2860  for  the  American  and  Stayman  valves, 
commencing  August  9,  1910,  and  No.  884  for  the  “L”  type  and 
American  valves,  commencing  September  14,  1911,  giying  a direct 
comparison  of  the  American  with  the  other  two  types.  The 
general  arrangement  of  the  “H6b”  class  locomotive  is  shown  in 
Fig.  1,  and  the  cylinder  and  valve  in  Fig.  7. 

American  Valve, 

15.  The  American  valve,  as  it  was  found  on  the  locomotive 
where  it  had  been  in  use  for  over  two  years,  having  made  about 
620  runs  of  from  one-half  to  three  hours  duration  each,  was  the 
first  to  be  tested.  The  valves,  and  the  cages  which  had  been  in 
service  as  long  as  the  valves,  were  then  removed,  new  cages  put  in 
and  the  Stayman  valve  (new)  placed  in  the  new  cages  and  a series 
of  tests  made.  Following  this,  American  valves  were  again 
applied  (new)  and  tested  likewise  without  changing  the  cages. 

“L”  Type  Valve. 

16.  New  “L”  type  valves  were  used  and  new  cages  were  put 
in  the  steam  chests.  Immediately  on  starting  with  the  “L”  type 
valves  one  of  them  was  broken.  It  was  found  on  removing  it  from 
the  cage  that  the  openings  in  the  valve  rings  were  passing  over 

,7  open  ports  in  the  cages.  Both  valves  were  then  replaced  on  the 

valve  stems  so  that  the  openings  in  the  rings  would  travel  over  one 
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of  the  bridges  on  the  lower  side  of  the  valve  cage  and  no  further 
difficulty  was  experienced  with  the  valves  after  this  change, 

17.  With  the  American  Semi-plug  valve  no  special  setting  of 
the  valve  on  the  stem  is  necessary,  as  the  opening  in  the  rings  will 
not  catch  on  the  port  in  any  position. 

18.  After  eight  tests  had  been  made  with  the  “L”  type  of 
valves  they  were  removed  and  the  tests  duplicated  with  the  Amer- 
can  valves  in  the  same  cages.  These  were  repaired  valves  with 
new  packing  rings,  making  them  practically  new  valves. 

19.  While  data  had  been  obtained  for  the  American  valve  in 
the  first  series  of  tests,  on  the  other  locomotive,  it  was  tried  again 
to  make  a more  accurate  comparison  with  the  “L”  type  valve. 

20.  Each  set  of  new  valves  was  used  in  preliminary  tests 
during  about  one  week  so  that  they  would  be  in  good  running  con- 
dition and  well  lubricated  before  the  actual  tests  were  made. 

21.  The  American  valve  is  a very  satisfactory  one  from  a 
mechanical  standpoint,  while  the  workmanship  on  the  “L”  type 
valves  was  not  as  good  from  their  general  appearance,  and  it  is 
possible  that  the  two  types  of  valves,  both  carefully  made,  would 
show  the  same  results.  The  valves  for  tests  were  not  selected 
with  any  particular  care  as  it  w^as  desired  to  obtain  valves  as  ordi- 
narily used. 


Results  of  Tests. 

22.  The  Stay  man  valves  show  remarkably  poor  results  in 
steam  and  coal  consumption.  In  these  tests  they  used  from  25  to 
200  per  cent,  more  steam,  and  from  44  to  81  per  cent,  more  coal 
than  the  American  valves. 

23.  The  speeds  ranged  from  6J  to  26^  miles  per  hour,  and  the 
cut-offs  from  20  to  40  per  cent.  The  results  of  the  tests  are  shown 
on  the  diagrams,  Figs.  8 to  11,  and  on  tables  1 to  5. 

24.  There  was  a slightly  lower  coal  and  steam  consumption 
with  the  American  than  with  the  “L”  type  valve.  The  diagrams, 
Figs.  8 to  11,  show  curves  for  the  three  valves  on  both  locomotives. 
In  Fig.  11,  the  “E”  type  valve  compared  with  the  American  valve 
shows  practically  the  same  results. 

25.  At  the  speed  of  6.6  miles  per  hour  (40  revolutions  per 
minute)  and  at  a cut-off  of  about  20  per  cent,  with  the  American 
valves,  the  drawbar  pull  was  13,283  pounds,  as  against  a pull  of 
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9,114  pounds  with  the  Stayman  valves,  under  the  same  conditions 
as  nearly  as  could  be  maintained,  or  a loss  by  the  Stayman  valves 
of  4,159  pounds,  equivalent  to  31  per  cent,  of  the  drawbar  pull. 
At  26}  miles  per  hour,  the  highest  speed  of  the  tests,  a similar  com- 
parison of  the  pulls  shows  a loss  of  3,500  pounds  or  29  per  cent, 
with  the  Stayman  valves. 

26.  The  fact  that  the  valves  were  leaking  to  such  an  extent 
was  not  evident  from  the  sound  of  the  exhaust  while  the  locomotive 
was  in  motion.  With  the  locomotive  standing  the  reverse  lever 
was  placed  in  the  centre  notch  and  with  the  driving  wheels  on  each 
quarter  stroke  position  the  throttle  valve  was  opened.  Under 
these  conditions  there  was  a heavy  blow  or  valve  leak. 

Cost  of  Valvks. 

27.  The  first  cost  of  these  valves  to  equip  one  locomotive  is  as 
follows : 

American  Semi-plug  Piston  Valves,  complete  (2  valves)  $77  00 

“L”  Type  Piston  Valves,  complete  (2  valves) 71  46 

Stayman  Self-expanding  Piston  Valves,  complete  (2  valves)  360  00 

28.  The  cost  of  renewals  of  parts  most  subject  to  wear,  or  the 
rings  which  are  in  contact  with  the  valve  cages,  is  as  follows: 


American  Valve  (8  snap  rings  and  4 wide  rings) $15  96 

“L”  Type  Valve  (8  snap  rings) , 3 04 

Difference $12  92 

Stayman  Valve  (4  segment  rings) $180  00 


29.  The  quotations  on  the  Stayman  valves  are  for  single 
valves,  while  those  on  the  other  two  are  for  considerable  quanti- 
ties. The  higher  price  at  which  the  Stayman  valve  was  offered, 
especially  in  view  of  the  poor  results  obtained,  made  further 
inquiry  as  to  costs  not  worth  while. 

Conclusions. 

30.  The  Stayman  piston  valves,  when  in  good  working  order, 
leak  so  badly  as  to  seriously  limit  the  hauling  power  of  the  locom- 
motive.  They  used  from  25  to  200  per  cent,  more  steam  and  from 
44  to  81  per  cent,  more  coal  per  unit  of  power  than  the  standard 
valves  for  the  “H6b”  locomotive. 
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31.  The  excessive  leakage  of  this  valve  is  probably  due  to  the 
rigid  construction  of  the  expanding  or  packing  ring.  This  heavy 
ring  cannot  adjust  itself  to  unevenness  of  the  valve  cage.  This 
valve  is  not  well  adapted  to  valve  cages  which  are  slightly  out  of 
alignment  at  the  opposite  ends  of  the  steam  chest  on  account  of 
its  packing  rings  being  held  parallel  at  all  times. 

32.  The  very  little  difference  shown  between  the  “L”  type 
and  American  valves  in  steam  and  coal  consumption  per  unit  of 
power  in  favor  of  the  American  valve,  is  too  small  to  be  given 
serious  consideration  (Paragraph  24). 

33.  There  is,  on  the  other  hand,  a slight  advantage  in  the 
cost  and  weight  of  the  complete  “ L ” type  over  the  American  valve, 
and  a very  large  saving  possible  in  the  cost  of  the  renewal  parts  on 
account  of  the  simplicity  of  the  parts  of  the  “L”  type  valves 
(Paragraphs  27,  28  for  cost,  10  and  13  for  weight). 

34.  The  “L”  type  of  valve  may  be  manufactured  without 
any  liability  for  patent  infringement  about  which  there  might  be 
some  question,  in  the  cases  of  both  the  American  and  Stayman 
valves. 

Recommendations. 

35.  The  Stayman  valve  is  very  wasteful  in  the  consumption 
of  steam  and  coal  and  should  not  be  used  in  any  service  (Paragraphs 
22  and  25). 

36.  There  is  pending  a complete  series  of  trials  to  show  the 
leakage  of  piston  valves  of  sizes  ranging  from  12  to  18  inches  in 
diameter  with  various  designs  of  rings.  These  are  to  be  made  on  a 
specially  constructed  machine.  We  believe,  therefore,  in  view 
of  the  equal  performance  and  of  the  advantage  in  maintenance 
cost  of  the  “T”  ring  type  (Paragraphs  32  and  33)  that  it  should 
be  used  for  new  work  and  for  renewal  of  American  valves  when 
the  spool  requires  replacement. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna., 

April  23,  1912. 
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Fig.  1. 

THE  LEADING  DIMENSIONS  OF  THE  “H6b” 
LOCOMOTIVE  ARE  AS  FOLLOWS: 


Total  weight,  pounds 198,267 

Weight  on  drivers,  pounds : 176,600 

Cylinders  (simple),  inches 22x28 

Diameter  of  drivers,  inches 56 

Fire-box  heating  surface,  square  feet 166.4 

Heating  surface  in  tubes  (water  side),  square  feet 2673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet 2839.74 

Total  heating  surface  (based  on  fire  side  of  tubes),  square 

feet 2505.29 

Grate  area,  square  feet 48.66 

Boiler  pressure,  pounds 205 

Valves American,  Stayman  and  “L”  type 

Valve  motion Walschaerts 

Fire-box,  type Belpaire 

Number  of  tubes  373 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches.. 164.28 


The  maximum  tractive  effort  is  39,773  pounds,  which  is  cal- 
culated on  the  assumption  that  80  per  cent,  of  the  boiler  pressure 
(205  pounds)  is  available  as  mean  effective  pressure  at  starting. 


9 


“L”  TYPE  VALVE. 
Assembled. 


AMERICAN  VALVE. 
Assembled. 


STAYMAN  VALVE. 
Assembled. 

12  inch  valve. 


Fig.  2. 
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AMERICAN  VALVE.  STAYMAN  VALVE.  “L”  TYPE  VALVE. 

Partly  Dismantled.  Partly  Dismantled.  Partly  Dismantled. 

This  is  a 14  inch  valve  of  the  12  inch  valve, 

same  general  design  of  the  12 
inch  valve  tested. 


Fig.  3. 
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LOCOMOTIVE 
TYPE  -a-B-o 

CLASS 

NUMBER 


Pennsylvania  Railroad  Company 


TEST  DEPARTMENT 

LOCOMOTIVE  Testing  Plant 


SUBJECT 


ALTOONA  PA 


Aivic.RtCA.ts  scLVM - p»cv-» Or  >^A.v.>ye: 


>/AUV«:  CACHE.. 


THE  AMERICAN  SEMI-PLUG  PISTON  VALVE,  SECTION  THROUGH  THE  PACKING  RINGS. 
There  are  two  packing  rings  with  a wide  ring  between.  Under  the  wide  ring  are  three  wedge  rings. 
The  lower  drawing  shows  the  cast-iron  cage  that  is  pressed  into  each  end  of  the  steam  chest. 

Fig.  4. 
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LOCOMOTIVE  Pennsylvania  Railroad  Company 

TEST  DEPARTMENT 

LOCOMOTIVE  Testing  Plant 

SUBJECT  altoona  pa  \0-\a-\Si0 


TYPt  © 

CLAS« 

NUMBER 


Sfe.NJF* 


Fo»4L.owe« 


SPWiMGr 


THESTAYMAN  SELF-EXPANDING  PISTON  VALVE,  SECTION  THROUGH  PACKING  RINGS. 
The  packing  ring  is  1 J inches  thick  and  2i  inches  wide.  The  thin  ring  under  it  is  the  steel  expansion 

or  spring  ring. 

Fig.  5. 
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THE  “L"  TYPE  VALVE,  SECTION  THROUGH  RINGS. 
The  two  packing  rings  are  “L”  shape  in  section. 

Fig.  6. 
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SECTION  THROUGH  CYLINDER  AND  PISTON  VALVE,  H6b  CLASS  LOCOMOTIVE. 

The  valve  has  inside  admission.  The  steam  lap  is  \ inch  negative.  The  exhaust  lap  is  i inch 
negative.  Above  the  valve  there  is  a flat  by-pass  or  drifting  valve. 

Fig.  7. 


COORDINATE  PAPER.  J B Webb 
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INDICATED  HORSEPOWER  AND  STEAM  PER  HORSEPOWER  FOR  THE  THREE  VALVES. 
The  Stayman  valve  shows  excessive  leakage  of  steam.  The  “L”  type  shows  a higher  water  rate 

than  the  American  valve. 

Fig.  8. 


CO-OltDlNATE  PAPER.  J.  a WEBB.  Hoboken,  N.  J. 
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INDICATED  HORSEPOWER  AND  COAL  PER  HORSEPOWER. 

The  Stayman  valve  uses  very  much  more  coal  than  the  others  per  unit  of  po//er.  The  "L”  type  and 
American  show  results  practically  equal. 

Fig,  9. 


COORDINATE  PAPER.  J B.  WEBB.  Hoboken,  N.  J.  IBCBimB,  9 


a)  ORtMKATE  PAPER.  J B.  Webb  Hoboken, 
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DYNAMOMETER  OR  DRAWBAR  HORSEPOWER  AND  STEAM, 
The  valves  show  the  same  characteristics  as  in  Fig.  7. 

Fig.  10. 


CO-URUINATE  PAPER.  J.  a WEBB.  Hoboken.  N.  J. 


)INATE  PAPCR.  J a WtM  Hot-oken, 
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DYNAMOMETER  HORSEPOWER  AND  COAL. 

This  diagram  shows  the  net  power  per  pound  of  coal.  The  Stayman  valve  uses  from  6 to  12.5  pounds 
per  unit  of  power,  while  the  “L”  type  and  American  use  from  3.5  to  6 pounds 
and  no  difference  can  be  found  between  them. 

Fig.  11. 


COORDINATE  PAPER.  J.  a WiW,  Woboken.  N.  J. 
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cinders 
Codectedin 
Smoke  Box, 
Poueds 
per  Hour 

1.  P.  a.  Ccfatf  Thattl. 

1M 

199 

203 

m tl  271 

1 

1 217 

222 

225 

248 

1 238 

IZOO.S24 

AO-eO-  F 

3 

es.84 

Fwi.l_ 

18.8 

OUO  1 

ItOZa.S 

\.\ 

o 

I4«ae» 

s 

IZOO.SZf 

60-Z0-F 

3 

^.97 

\Q.\ 

20b.9 

\A 

o 

34 

IZOO.bZfi 

so-40-r 

1 

13  .Z9> 

39.9 

2oz>.4 

A2. 

.1 

53 

tzoe.sz'; 

100*40-F 

t 

Ib.lol 

40  .e 

Z04.9 

£.1 

,1 

3G 

IZOO.&Zf 

\zo-4o*r 

t 

19  .94 

43.1 

204.4 

G.Z. 

.1 

•• 

157 

izoe.Bzi 

140-30-F 

2 

23. Z& 

34.7 

204.S 

5P 

.1 

- 

7& 

•ZOO.&K 

ICaO'30'r 

1 

2«>.S8 

3Z.8 

204.  9 

S4 

J 

149 

Pennsylvania  Railroad  Company 

PlHlad«lphia,  Balttmor*  A Wutiin<ton  Raikecd  Oompawr 
North»rn‘C«ntral  Railway  Oompany 
Waal  Jeraay  A Seal  ra  Railroad  Oompatv 
TEST  DEF'ARXIVI  E MT 


FUEL:OAMlf&QJK 

dw.  ,G>/^aLwa .... 


Average  Results  of  Locomotive  Tests 
SUBJECT : VauVbls,  Amkjricax  ScMi- Pusaifir  Altoona,  Pa., io-ta-i9VO  . 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


BOILER  PERFORMANCE 


EIGIRE  PERFORMAICE 


TEST 

NUMBER 

Dry  Fuel 
Reed 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Poueds 
per  Hour 

EQUIVALENT  EVAF>ORATION 

FROM  AND  AT  212°  F..  POUNDS 

Bollor 

Hmo. 

Power 

(34*  U.  off. 

Efficiency 
of  Boiler, 

B—.a 

Fuel 

Prossere 

le 

Branch  Pipe, 
Pounds 
per  Sq.  la. 

Supeitseat 

In 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Per  Hour 

^VfT./‘- 

Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338' 

339 

340 

344 

346 

347 

349 

360 

220 

230 

i«oe.s»( 

ll€»'S> 

Zb. 90 

9A40 

U40S 

A. 55 

9.91 

330 .G 

IZOO.SZ5 

1483 

29.84 

11900 

14079 

5.0Z 

9.70 

409.  1 

BB.OA 

tZ00.6Ui 

3BOB 

TZ.Ob 

24409 

29340 

\l  .71 

8.37 

850.4 

5G  90 

1200  .sn 

40 8A 

93.97 

2839  \ 

33  8Z5 

13.50 

8.29 

980.4 

54.17 

izoo.set 

5004 

I0Z.84 

32394 

38B89 

15.40 

7.71 

lUB.S 

52.49 

1200  .BCg 

4»48 

&S.25 

288  53 

34302 

13.72 

&.Z9 

99G.0 

SB  .37 

noo.szc 

49^4 

IOZ.02 

29-7  TO 

354TT 

14.10 

7.»b 

1028.3 

48.<&e 

ENGINE  PERFORMANCE 


LOCOMOTIVE.  PERFORMANCE 


TEST 

NUMBER 


Englim, 

Paandc 


Indicated 

Korae 


Ofj  fuel 
per 

Indicated 

Horae 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horae 

Power  Hour, 


Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Bynamom. 

Horae 

PowerHoor, 

Pounds 


Dry  Steam 


Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 


Thermal 

Efficiency 

of 

locomoflvo, 
per  Cent., 
Baaed  onFuel) 


214 


379 


380 


381 


265 


383 


384 


386 


398 


I^OO.SM 

reoo.52« 

tZOO.SZfi 

izoo.sn 

IZOO.SZf 

izoo.sts 

IZOO.SM 


SOIA- 

»i-7S<a. 

ZAZIB 

ZSBOdVl 


ZSS.  A' 

us-s.z. 

MTO.-i 


4.0Z 

S.TO 

5.<3»l 

3.B& 

3.54- 

3.99 


31  alB 
Z7.7S 
ZS.Sfia 
Z4.75 
Z4.79 
Z4-.3Q> 
Z3.&A- 


I3Z72) 

I30ZG 

ZA3BS 

zz««e 

Zl  303 

tsz&s 


Z35.Z 

3-Vfe.2 

©®3.2 

lOOA.l 

I13Z.S 

JOZZ.<o 

tOSZ.3 


4.94 
4.19 
4. OS 
4 .07 
^.AZ 
4.09 
4.59 


3&.3Z 

33.99 

ZS.OS 

Z7.93 

ZS.ZO 

Z7.67 

Z7.«7 


51. 3 
91.7 
S\  .1 
SS.<& 
87.9 

87.4 
87.0 


3. e> 

4.3 

4.4 
4.4 

4.  I 
4.4 
3.9 


RESULTS  OF  TESTS  WITH  AMERICAN  VALVES.  OLD  VALVES  AND  CAGES. 
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M.  P.  8®4  A— Sfath  Sheet  7 « mot 

Pennsylvania  Railroad  Company 

1 rtr>rturtTIUC  Pkiladelphia,  Baltimore  A Wwhinaton  Railronl-C«<ii|Miir 

LUOUWIU  1 IVt:  Northern  Central  Railway  Comoany  , 

TYPE  ^ C*>  Wait  Jertey  A Seaihore  Railroad  Oomeany  FU  E L : .O  

CLASS  He® 

NUMBER  2:.e»e»o  Average  Results  of  Locomotive  Tests 

SUBJECT:  RlSTOrS  ALTOONA,  PA.,10-\a-V9VO 

TEST 

NUMBER 

RUNNING  CONDITIONS 

1 BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Dnratioa 

of 

Test, 

Hoars 

■llet 

par 

Hear 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 
H.P. 
Cylinders 

COHOIVtaOr 
o IS- 

>/ALue.& 

Amo 

1 Pressure 

In  Boiler. 
Lbs.  per 

1 Sq.  Inch 

Draft 

le 

Scnohe  Box, 
IrKhea 
of  Water 

Draft 

ie 

Ash  Pan, 
lochet 
of  Water 

Calorllk 
Value 
of  Dry 

Fuel, 

B.T.U.per  Lb. 

Claders 
Collected  le 
Smoke  Box, 
Poaede 
per  Hoar 

1.  P.  M.  Cal-efI  THrethe  | 196 

199 

203 

26810  271 

1 217 

222 

225 

248 

1 238 

\ZOO.UC) 

ItOO.BBT 

I100.5S4 

IZOO.BSS 

izoo.sse 

i«.oo.8ae 

4.0- 20 -F 
&0-20-F 
ftO-40-F 

tOO->40-F 

140-30- F 
l€jOrSO-  F 

3 

3 

2. 

2. 

1.25 

\ 

9 .33 
13.24 

23.10 

26.47 

Fucu 

1&.7 

\9.l 

37.5 

39.0 

30.0 
^6.4 

HOkW 

204-8 
t03.6 
20'2..6 
20)  .6 

70  2.5 

202.  1 

2.2 

2.4 

5.4 

6.4 

5.9 

3.9 

O 

O 

.1 

.1 

.1 

.1 

13547 

26 

27 

112 

193 

277 

418 

TEST 

NUMBER 

BOILER  PERFORMANCE  1 

ENGIIIE  PERFORMMCE 

Dry  Faal 
find 

per  Howl 
Poeadt 

Dry  Fiel 
per  Hoar, 
Pounds  per 
Sq  Ft.  of 
Grata 

to  BoHea, 
Pou«d< 
par  Boar 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  21  F..  POUNDS 

BoHer 

Horse 

Power 

OAiU.ofE.) 

Efficiency 
of  Boiler, 

Based 

Fuel 

Pr«5it»F» 

Brwidi  Ptpei 
Potmds 
p«r  Sq.  In. 

Superhoet 

In 

Branch 

Pipffi 

Degrees  F, 

Per 

Hoar 

Per  Hoar 
per  Sq.  Ft. 

of  Fire 
Beating  Sur. 

Per 

Pcimd 

of 

Dry  Fael 

338 

339 

340 

344 

346 

347 

349 

350 

220 

230 

tZ00.66«> 

tZOO.SS7 

1200.554 

1200.555 

1200. ssa 

1200.559 

200-Z. 

S»&G> 

5Te.i 

41.14- 

45.45 

90.10 

IO€>.5& 

I0T.«7 

1 IS.&I 

iSTe® 

1-7  4-35 

3I95<S» 

3oase 

31  504 

18777 

Z0704 

34417 

381116 

34105 

3T982. 

7.SO 

8.24 

13.82 

10.21 

14.44 

tS,14 

8.38 

9.34 

7.80 

7.35 

6.81 
6.57 

54-4.3 

600.1 

1005.4 

tl04eS 

1048.9 

1100.9 

<»6.87 

6€..7S 

56.32 

52hi40 

48.26 

46.84 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dfy  Steam 
to 

Enginety 
Pounds 
per  Hour 

indliratsd 

Hocee 

Power 

Dry  Fuel 
prw 

btdlcaM 

Hotee 

Power  Hoar, 
Pooads 

Dry  Steaip 
P«- 

ledkatad 

Horse 

Power  Htwr, 
Poaede 

Qiawbar 

PriH, 

baedi 

DyMmonwtor 

Drawbar 

Horae 

Power 

Dry  Fvet 
(Mr 

Dynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Steam 
per 

Oynamotn. 

Horse 

Power  Heer, 
Pounds 

Machine 

Efficiency 

of 

iKomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BMedonFsel) 

214 

379 

380 

381 

266 

383 

384 

385 

398 

399 

1200.556 

14566 

243.4 

8.23 

S9.84 

9114- 

160.8 

12/4B 

80.58 

6«.( 

1.51 

1200.557 

16684 

351.4 

6.30 

47.51 

9863 

261.  1 

8.47 

63.94 

74.3 

2.28 

ltOO.554 

28478 

862.6 

5.04 

33.01 

20084 

708.9 

6.18 

40.17 

81.2 

3.04 

1200.556 

31  1S2 

885.8 

S.2I 

31  .2^ 

18852 

831 .8 

6.23 

37  .45 

83.5 

3.02 

itoasse 

28668 

871 . 1 

5.39 

30.65 

12670 

T82.6 

6.68 

37.91 

80.6 

2.81 

1200.5591 

312-58 

1036.5 

5. SB 

30.14 

\1758 

SlaO.O 

6.97 

37.64 

eo.i 

2.70 

RESULTS  OF  TESTS  WITH  STAYMAN  VALVES,  NEW  VALVES  AND  CAGES. 
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LOCOMOTIVE: 

TYPE  '2.-e»-o 
CLASS 

NUMBER  ■2.e>€>0 


Pennsylvania  Railroad  Company 

(phi*.  Ballimor*  A Waahinoton  Railroad  Oompanr 
Northorn  Contral  Railway  Company 
Meat  Jertoy  A Soathora  Railroad  Company 
TeST  DEF^ARTIVIEMT 


FUEL:  v)aM<5»C>H 
C OAsV- 


Average  Results  of  Locomotive  Tests 
SUBJECT:  P^STOM  VAUn/c:^  AMCt^CAH  ^t5:t-\»-PV.VaKq-  ALTOONA,  Pa.,VO-\B-1«IO 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Tnrottle 
Opening, 
Full  or 
Pertlal 

Actual 

Cut-off 

Per  Cent., 
H.P. 
Cylinders 

COWOtTidlH 

ow 

Vpkwvm.^ 

Amo 

CAoes 

Pressure 

In  Boiler, 

Lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Dran 

la 

Ash  Pan, 
InchM 
of  Wultr 

CalortAc 
Value 
of  Dry 

Fuel, 

B.T.U.per  Lb. 

Cinder* 
Cofleded  in 
Smoke  Boa, 
Pounds 
per  Hoar 

1.  P M Cul-ofI  Throllli  1 

196 

199  1 

203 

}68  tl  271 

II  1 

222 

1 226  1 

248 

1 236 

1100-571 

40-20-F. 

3 

6 .62 

ITouu. 

22. S 

New 

205.1 

1 .3 

0 

I37€.<S> 

4-2. 

1200.572 

€>0-20- F 

3 

3 .93 

21.1 

204.9 

1 .4 

0 

23 

1100.872 

©0-40-  r 

2 

13  .24 

40.9 

204.8 

4.4 

.1 

59 

noo . S74 

I00-4O-F 

Z 

\4.55 

42.3 

201.  2 

5.4 

.1 

181 

1200.  STS 

l20-40-r 

1.5 

19.85 

m 

41.7 

203.9 

6.2 

.1 

147 

1200. 57« 

I40-30-F 

2. 

23.  It. 

n 

35.5 

201.5 

5.4 

0 

172 

I100.8TT 

I6O-30-F 

1 

26.47 

32.1 

205.0 

S.7 

.1 

193 

RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


BOILER  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  2t2“  F,  POUNDS 


Per  Hour 
per  So.  Ft. 

of  File 
Heating  Sur. 


Efficiency 
of  Boiler, 
Based 


EIBIIE  PEDFOIIMAICE 


Branch  Pipe, 
Pounds 
per  Sq.  In. 


Degrees  F. 


338 


339 


340 


344 


345 


349 


350 


IIOO.STI 
1200.571. 
FltOOw57» 
1200.  STA- 

iioe.  B7S 
1200.570 
1100.577 


USB 

15^7 

S36S 
AT  91 


24.AI 
3Z.BZ 
71.  07 
S4.T6 

no.  13 
96.AiS> 
95.01 


|09G»«» 

»3Z»3» 

Z573B 

29BTB 

3ZBTB 

30hSO 

3<\SA 


\30e9 

\5«>T9 

30T79 

35  Ca^Z. 

39^BT 

3«0<i>A 

3T3AO 


5.19 

11.29 

14.23 

IS.feB 

»4.40 


\0.95 

9.82 

8.70 

7.73 

7.33 

7.S3 

6.0^ 


377.0 
464.5 
892.2 

1034.0 
U38.8 

1045.4 

1079.4 


76.82 
48.90 
41  .04 
54.23 
S' .43 

52.83 
56.55 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynamomoter 

Drawbar 

Horse 

Power 

Dry  l uel 
per 

Dynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Ste.m 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Micbino 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Tbenael  . 
Efficiency 
ef 

Locomotive, 
per  Cent., 
Based  onFuell 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

1100.871 

>0481 

329.  S 

3.6> 

31.84 

14302 

262.4 

4.7> 

4 >.56 

76.6 

3.93 

UOO.S72 

>2524 

450.1 

3.55 

17.82 

>3392 

354.5 

4.50 

35.33 

78.8 

4.l> 

1100.578 

1534-3 

>003.4 

3.51 

25.26 

24385 

860.5 

4.>> 

29.45 

85.8 

4.50 

noO.STA 

29323 

»26.5 

4.09 

26.03 

21898 

966. > 

4.77 

30.35 

88.8 

3.88 

1100.575 

32477 

>289.3 

4.16 

25.19 

20642 

>092.9 

4.90 

29.72 

84.8 

3.77 

1100.670 

2965> 

»9S.O 

4.0> 

24.81 

>6106 

994.8 

4.82 

29.81 

81.2 

J.84 

1100.S77 

30568 

>242.2 

3,72 

24.6> 

>4342 

IO>2.4 

4.57 

30.>9 

81. S 

4.0S 

RESULTS  OF  TESTS  WITH  AMERICAN  VALVES,  NEW  VALVES  AND  CAGES. 
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LOCOMOTIVE: 

TYPE  2.-©.— Q 

CLASS H0!B. 

NUMBER  ©&4- 


Pennsylvania  Railroad  Company 

a,  BaHimora  A Waakiagloa  Railraad  Com(>aa|r 
Norihara  Cantral  Railway  Compaay 
Waai  Jaraay  & Saaakora  Railroad  Campaay 
TEST  DEPARTMENT 


FUEL  : v3ami -sots 
COAvU. 


Average  Results  of  Locomotive  Tests 
SUBJECT ; Rl  STOH  VAl-vg>©," iL  "T-f  Altoona,  PA.,vQ-»a-lSn 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Ditatlen 

of 

T«t, 

Hoor* 

par 

Hour 

Throtth 
Opening, 
Full  or 
Parllnl 

Actual 

Cut-off 

PerCont, 

H.  P. 
Cylindnr* 

1 Prw*um 

1 In  Bailor, 

1 Lb*,  pnr 

1 Sq.  Inch 

Draft 

In 

Sawk*  Box, 
lacho* 
ufWatnr 

Draft 

In 

A*h  Pan, 

nfWatnr 

CaloriEc 
Vtiun 
of  Dry 

Fuol. 

B.T.U.porLb. 

Cinder* 

Colloctod  In 

Smok*  bx, 

Pound* 
par  Hour 

■.r.a.c«i-MnraWe 

198 

199 

203 

268 1*  271 

217 

222 

225 

248 

238 

2201 

4O-20-F 

3 

6.< 

Fouu 

18.2 

206.4- 

1 . 1 

0 

1402^ 

5 

ZZOZ 

eO'  20- F 

3 

9.9 

.• 

18.2 

206.0 

1.4 

o 

.. 

7 

2203 

60-30-F 

2.5 

9.9 

« 

28.9 

2068 

2.2 

o 

. 

17 

220A. 

80-40-F 

2 

13.2 

• 

39.2 

205.5 

4.3 

o 

37 

2205 

100'40-F 

2 

16.5 

« 

41.1 

2048 

5.2 

0 

• 

48 

22oe 

120- 40- F 

2 

19. i 

" 

40.9 

205.8 

6.0 

o 

« 

114 

2207 

I4O-30-F 

2 

23. 

1 

•• 

30.5 

2C6.0 

4.8 

o 

« 

S7 

2206 

1&0-30HF 

2 

25.4 

R 

30.0 

20fi4 

4.9 

o 

M 

62 

BOILER  PERFORMANCE 

EieiNE  PE 

iEOiyAXCE 

TEST 

Dry  Fiial 

Or;  Fael 

Wftor 
Dellvorod 
to  Boder, 

Poood* 

IMtHow 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F..  POUNDS 

Bollnr 

Efficiency 
of  Bollnr, 
Ba*od 
on 

Fuel 

Pi***ata 

la 

Snporhoat 

la 

NUMBER 

Flrod 
ptt  Hoor, 
Poutidi 

Pound*  per 

Sq.  Ft  of 
Grato 

Pnr 

Hour 

«Tt 

He^ajlur. 

Per 

Puand 

of 

Dry  Fuel 

Hone 

Power 

(SAHU.nfE.) 

Branch  Pip*, 
Pond* 
ptrSq.  In. 

BraiKh 

Plpo 

DagreaoF. 

336 

339 

340 

>0<4 

345 

34T 

349 

360 

220 

230 

2291 

I2a4- 

25.€» 

11520 

1367 S 

5.4 

10.7 

396.5 

73.7 

2202 

!4.S)e 

29. 

.8 

12972 

153 69 

6.1 

10.3 

446.1 

71.2 

2203 

l9€><o 

39. 

\ 

17I9S 

20558 

8.2 

10.5 

595.9 

72.3 

2204- 

3387 

67.4 

25011 

3009\ 

12.0 

8.9 

872.2 

61 .4 

2205 

4-152 

62.7 

26792 

34  504 

13.7 

8 .3 

|000.» 

57.S 

22jO« 

4<5S3 

92.6 

3\62S 

37954 

15.1 

8.2 

IIOO.I 

56.4 

2207 

34-67 

69.0 

26373 

3170-5 

12.6 

9.1 

eia.9 

63.2 

2206 

3931 

7B.3 

■zrrins 

32994 

13.1 

8.4 

956.4 

58.0 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Stotm 
to 

Engino*, 
Pound* 
por  Hoar 

Indicated 

Hot** 

Power 

Dry  Fuel 
por 

Indicated 

Horan 

Power  Hour, 
Pounds 

Dry  Staan 

Indicated 

Hor*o 

Power  Hoor, 
Pound* 

1 Drawbar 
Pull, 

1 Pouadi 

DynaMomater 

or 

Drawbar 

Hone 

Power 

DryFaol 

por 

Oynamom. 
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P* 
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Effi^ 
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266 

383 
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398 
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1095  8 

279.2 

4.6 

39.3 

12070 

212.6 

6.0 

SI. 5 

76.1 

3.0 

2202 

12676 
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3.8 

32.7 

11938 

315.4 

4.7 

40.8 

80.0 

3.8 
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3.4 

29.1 

18640 
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34.0 

85.7 
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3.6 

26.5 
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4.1 

30.1 

68.0 

4.5 
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1066.6 

3.8 

26.4 

21565 

949.  S 

4.4 

30.2 

87.4 

4.2 
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3.9 

26.6 
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1031.3 

4.5 

30.6 

67.0 

4.0 
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26301 
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3.4 

26.0 

14005 
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4.0 

30.5 

S5.2 

4.5 

2208 

27332 

1066.0 

3.6 

25.2 

1 

12803 

901.9 

4.4 

30.3 

83.0 

4.2 

RESULTS  OF  TESTS  WITH  "L”  TYPE  VALVES  ON  LOCOMOTIVE  884. 
Table  4. 
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A-«l<th  ShoM 

LOCOMOTIVE : 

TYPE  'SL-Qi—O 
CLASS  H€>b 
NUMBER 


Pennsylvania  Railroad  Company 

PKUadtIplib.  B»Hlinor«  4 Wa»b)»ot««  Rallr««d  Company 


Waal  Jaraoy  4 iaaa^.ora  Railroad  Company 
TKOX  DCPARXMKNX 


FUEL  :0Ar^\SOrs 

Cqal^ 


Average  Results  of  Locomotive  Tests 

SUBJECT  : ^PlST0^4  .yAU^/&^  Semi  PLWiS-  ALTOONA,  Pa.,  |0- I H 


TEST 

NUMBER 

RUNNING  CONDITIONS  | 

n BOILER  PERFORMANCE 

TEST 

DESIGNATION 

OuiUtloA 

of 

Toa, 

Houit 

■llu. 

p« 

Hour 

Throttlt 

Oport,«, 

Fuller 

Pirtlal 

Actukl 

Cut-off 

Por  Cool, 

H.  P. 
Cylinder, 

I Proiwr, 

1 la  Bollor, 

1 LbLpor 

Sq.  loch 

Draft 

lu 

Smoko  Boi, 
Incho, 
of  Wotor 

Draft 

lo 

Aih  Pun, 
Incho, 
of  Water 

Caloridc 
Value 
of  Dry 

Fool, 

B.T.U.porLb. 

CIndon 

Colloctni)  In 

Sfflokn  Bax, 

Pound, 
p,r  Hour 

i.r.B.cdt-tnTitoHi« 

196 

1»9 

203 

268  U 271 

217 

222 

225 

248 

238 

2208 

2210 

22M 

2212 

2213 

2214 

2215 
221^ 

40-20-F 

©0-20-F 

eo-50-r 

8o-40-r 

I00-4O-F 

l2C--40-r 

14C>-30-r 

l€>0-30-F 

3 

2.6 

2.6 

2 

2 

2 

2 

2 

&.<ul> 

8.8 

9.8 

13.2 

15.6 

18.8 
23.1 
26.4. 

Put-Up 

« 

a 

• 

a 

a 

a 

18.8 

20.0 

31.0 

40.4 

41.2 

41.4 

31.2 
31.0 

205.6 

204.4 
206.8 

204.8 
204.2 

203.5 

206.8 
205.1 

1.0 

1.4 

2.2 

4.3 

5.1 

5.8 

4.2 
4.7 

O 

O 

O 

o 

o 

o 

o 

o 

14444 

7 

lO 

14 

37 

32 

37 

45  . 
53 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PEI 

FORMANCE 

7^”* 

per  Hour, 

Pouuot 

OryFwd 
porlfeur. 
PouoA  por 
!!<|.  F«,  of 
Grut} 

Wlfor 
DolHotw) 
to  Boiler, 
Poundo 
por  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212<»  F..  POUNDS 

Bollor 

Hotm 

Power 

OAHU,  of  E.) 

HkiMMy 

ofMlur, 

Buod 

ou 

Fuof 

Pt— in 

In 

Branch  Pipe, 

Pautdi 

1 pnrSq.  la. 

Suporhont 

In 

Branch 

Otc—nF. 

Por 

Hour 

Per  Hour 
por  Sq.Tl. 

Ht^og'^ur. 

Per 

Pouid 

of 

Dry  Fool 

338 

338 

340 

344 

34B 

347 

340 

360 

i 220 

230 

2208 

2210 

2211 

2212 

2213 

2214 

2215 
2218 

1257 

1484- 

1888 

3188 

3883 

-4400 

3384 

36A2 

25.0 

28w2 

37.8 
e3.E 
77.4- 

87.8 
e7.4 
70.  E 

1131-4- 

12390 

1«>3-Z:(6 

24-808 

27894 

307&S 

25815 

28854- 

l'&B04 

14701 

iseoe 

28770 

33ei2 

37074 

31188 

32535 

5.4 

5.8 

7.8 

If  .9 

13.4 

14.8 
12..4 
13.0 

10.7 
10.0 

10.3 

9.3 

8.7 

8.4 
9.2 
9.2 

391.4 

426.2 

568.3 
862.9 

974.3 

1074.4 

904.3 
943.0 

72.1 
97.4 
69.3 
62.7 

58.1 
54.6 
61  .9 
61  .7 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TCST 

NUMBER 


parKour 


Of^Fael 


Hon* 

Powr  Hoar, 
Paoiidt 


Dry  Stoin 


Pull, 

Pouads 


Dry  Fuol 
por 

Dyuaimni. 

Kotm 

Power  Hour, 


6rj  Stauu 

PW 

Dynmom. 

Hotm 

Powif  Hour, 
Poundr 


■icMuo 

iictor 

of 

wool 
Por  Cool 


porCout, 

(luwdwiFuo!) 
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388 


Z209 

^^IO 

ZZ\I 

7L2.« 
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22ie 


lOGe-y 

ll.'SGI 

»s^02 

247SO 

IT8Z.» 

30785 

B57®E. 

2«<aso 


28^.5 

4-22.0 

98e.i 

(toe/& 

I2I2.I 

1058.3 

t(2&.3 


-4.3 

3.5 

3.2 

3.3 

3.5 
3.0 
3.2 
3.E 


30.8 
28.3 

28.8 

25.8 
26.1 
25A 
24.4- 

23.8 


13238 

12883 

19S22 

24A83 

22\2e 

18783 

14.820 

134-38 


233.1 

335.3 

515.7 

862.7 

974.3 
1045.8 
813 .5 

846.7 


5.4 

4.4 

1.7 

3.7 
4.0 
4.2 
3.7 
3.7 


45.8 

38.8 

30.8 

28.7 

28.8 

28.4 
28.2 

28.5 


80.5 

79.5 
88.3 
88.1 
88.0 
88.3 
88.2 
83,8 


3.3 

4.0 

4.8 

-4.8 

44 

4.2 

4.8 

4.7 


RESULTS  OF  TESTS  WITH  AMERICAN  VALVES  ON  LOCOMOTIVE  884. 
Table  5. 


UENGTH  OF  TEST— MINUTES  AND  HOURS 
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LENGTH  OF  TEST-MINUTES  AND  HOURS 
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LENGTH  OF  TEST— MINUTES  AND  HOURS 
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Pennsylvania  Railroad  Company  test  no.IZOQ.S^S 


LENGTH  OF  TEST— MINUTES  AND 
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Pennsylvania  Railroad  Company  test  No.iZQO.St'2> 


length  of  test— minutes  and  hours 
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Pennsylvania  Railroad  Company  teot  no.I'^O.S^O 


UENOTH  of  test— minutes  and  HOiJWS 
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Company  test  no.\2DO<BS@ 


LENGTH  OF  TEST— MINUTES  ANO  HOURS 
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LENGTH  OF  TEST 
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Pennsylvania  Railroad  Company  test  no.IZMaSSS 


LENGTH  OF  TEST— MINUTES  AND  HOURS 
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Railroad  Company  test  Nolfi^xjO.BSa 


MINUTES  ANO  HOURS 
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Pennsylvania  Railroad  Company  test  no.V2DO.SS^ 


LENGTH  or  TEST— MINUTES  AND  HOURS 
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Company  test  no.»2j!X1u5*7| 


'”^00»S*73.  length  of  test— minutes  and  hours 
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GENERAL  ARRANGEMENT  OF  LOCOMOTIVE. 


LOCOMOTIVE  TESTING  PLANT. 


GRATE  AREA  REDUCED. 

Two  forms  of  modified  grate  tested  for  their  influence  upon  boiler 
efficiency  and  smoke. 


(Conclusions  and  recommendations  on  pages  26  and  29.) 

INTRODUCTION. 

1.  These  tests  justify  the  conclusion  that  a reduction  in  the 
grate  area  is  undesirable  and  that  such  a practice  affects  the  boiler 
capacity  and  efficiency  and  does  not  improve  the  smoke  conditions. 
Efforts  to  abate  smoke  on  a locomotive  should  be  directed  along 
other  lines  than  by  the  blocking  off  of  existing  grate  areas. 

2.  In  view  of  the  introduction  of  mechanical  stokers,  the 
subject  deserves  more  careful  study,  and  it  is  hoped  that  the 
following  description  of  tests  of  different  areas  of  grate  will 
add  something  of  value  to  the  data  on  this  subject. 

3.  Before  the  general  use  of  the  wide  grate  on  locomotives, 
the  length  had  been  limited  to  about  ten  feet,  as  the  greatest 
distance  that  coal  could  be  thrown  by  the  average  fireman  and 
with  the  introduction  of  the  wide  grate  the  length  has  still  been 
restricted  for  the  same  reason. 

4.  There  seems  to  be  an  impression  on  certain  divisions  that 
the  wide  gr^te  is  too  large  on  some  of  our  passenger  locomotives, 
for  best  results,  and  extensive  use  has  been  made  of  a method  of 
blocking  off  or  covering  part  of  the  grate  surface,  usually  at  the 
forward  end.  The  assertions  in  regard  to  this  or  any  other 
method  of  reducing  the  grate  area  were  debatable.  On  long 
passenger  runs  it  has  been  claimed  that  the  grate,  thus  reduced  in 
area,  is  easier  to  fire  because  of  its  being  smaller  and  the  active 
part  near  the  firedoor  so  that  coal  does  not  have  to  be  thrown  so 
far  to  cover  it. 


(3) 
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5.  Whether  or  not  the  reduced  grate  is  easier  for  the  fireman 
to  handle  will  probably  remain  a matter  of  individual  opinion  and 
one  not  easily  determined  for  the  average  fireman.  There  are, 
however,  certain  facts  in  regard  to  the  reduced  grate  that  can  be 
developed  by  tests,  and  the  tests  hereafter  described  have  been 
made  to  show  the  effect  of  the  reduced  grate,  in  coal  consumption 
and  emission  of  smoke.  The  practice  of  reducing  the  grate  is 
found  to  be  undesirable  as  the  capacity  of  the  locomotive  for 
making  steam  is  reduced  and  little  benefit  in  smoke  reduction 
realized. 

6.  The  standard  grate  for  the  class  E2a  locomotive  has  an 
area  of  55.5  square  feet,  including  the  dead  grate  at  the  forward 
end,  which  has  an  area  of  about  9 square  feet.  There  are  two 
drop  grates  which  are  fixed,  but  have  holes  for  the  admission  of 
air.  The  active  or  shaking  portion  of  the  grate  has  an  area  of 
about  31  square  feet. 

Method  of  Reducing  Grate  Area. 

7.  On  the  Atlantic  City  Division  where  the  grate  has 
been  reduced,  the  method  used  is  to  disconnect  six  sections 
of  shaking  grate  at  the  front  end  of  the  firebox.  This 
portion  of  the  grate  is  then  covered  with  firebrick.  Sometimes 
a sheet  of  steel  is  placed  over  the  grate  before  laying  the  bricks 
so  that  there  will  be  no  cold  air  leaks,  should  any  of  the  bricks 
become  broken. 

8.  On  the  New  Jersey  Division  a similar  method  is  used  but 
the  area  covered  with  brick  is  less,  so  that  all  of  the  shaking  part 
of  the  grate  is  still  open  and  can  be  operated. 

9.  The  areas  of  the  several  grates  are  given  below. 


Akea  or  Grate 
IN  Sq.  Feet. 

Relative  Area 
IN  Percent. 

Ratio  or  Heat- 
ing Surface  to 
Grate  Area. 

Standard 

55.5 

100  • 

41.8 

New  Jersey  Division 

39.5 

71 

58.7 

Atlantic  City  Division. 

29.76 

54 

77.9 
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10.  The  grate  of  this  locomotive  as  reduced  in  area  on  the 
New  Jersey  Division  is  shown  in  Fig.  2,  while  Fig.  3 shows  the 
method  used  on  the  Atlantic  City  Division. 


GRATE  WITH  FRONT  PORTION  COVERED  WITH  FIREBRICK 
as  used  on  New  Jersey  Division.  All  of  the  shaking  grates  can  be  used.  The  grate  area 
is  reduced  29%. 

Fig.  2. 

11.  The  locomotive  used  in  the  tests  was  an  Atlantic  Type 
passenger  locomotive  of  the  E2a  class  and  is  shown  in  Fig.  1. 

Coal  Used  in  the  Tests. 

12.  Two  kinds  of  coal  were  tried,  one  a low  volatile  coal, 
which  breaks  up  easily  into  small  particles  and  is  drawn  through 
the  tubes  in  the  form  of  cinders  and  sparks,  and  the  other  a 
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Pittsburgh  region  gas  coal,  which  shows  little  tendency  to  dis- 
integrate in  the  firebox.  The  analysis  of  the  two  coals  was  as 
follows : 


Scalp  Lbvel 
Coal 

Penn  Gas  Coal 

Fixed  carbon 

76.98% 

15.96 

58.35% 

35.65 

Volatile  combustible 

Ash 

6.02 

4.71 

Moisture 

1.04 

1.29  . 

100.00 

100.00 

Sulphur 

0.91 

1.15 

B.  t.  u.  per  pound,  dry 

15167 

14864 

Method  oe  Making  Tests. 

13.  The  tests  were  of  two  or  three  hours  duration  in  most 
cases.  The  locomotive  was  run  under  the  test  conditions  for 
about  fifteen  minutes  before  the  test  began.  The  fire  would  then 
have  been  built  up  and  the  rate  of  firing  established  for  the  load 
upon  the  boiler.  The  firing  was  continued  at  the  same  rate  of 
firing  as  shown  by  the  graphical  log  for  each  test. 

14.  The  boiler  was  operated  under  light,  medium,  and  heavy 
loads  and  the  firing  was  done  by  experienced  men. 

Results  of  Tests. 

Low  Volatile  Coal,  Evaporation: 

15.  The  results  of  the  tests  with  the  low  volatile  coal  on  two 
sizes  of  grate  are  shown  on  Tables  4 and  6 and  some  of  these 
results,  showing  the  evaporation  and  efficiency,  are  plotted  in 
Figs.  4,  5 and  6. 

16.  With  the  reduced  grate  there  is  a loss  in  evaporation  and 
efficiency  through  the  whole  range  of  out-put  of  the  boiler;  the 
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greatest  loss  being  shown  at  the  lower  rates  of  evaporation. 

17.  When  the  boiler  is  evaporating  water  at  the  rate  of  about 
14  pounds  per  square  foot  of  heating  surface,  the  loss  in  coal 
due  to  the  use  of  the  small  grate  is  about  29.4  per  cent. 

18.  With  the  small  grate  the  boiler  could  be  forced  to  an 
evaporation  of  about  14  pounds  per  square  foot  of  heating  sur- 


QRATE  WITH  FRONT  PORTION  COVERED  WITH  FIREBRICK 
as  used  on  Atlantic  City  Division.  Six  grate  bars  are  inoperative.  The  grate  area 
is  reduced  46%. 

Fia.  3. 

face,  while  with  the  full  size  grate  in  use  the  evaporation  was 
16  pounds  per*^  square  foot  of  heating  surface,  or  an  increase  of 
14.3  per  cent.  The  small  grate  then  limits  the  steaming  capacity 
of  the  boiler. 
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19.  The  use  of  the  low  volatile  coal,  such  as  was  tried  in  this 
test,  is  not  present  practice  on  passenger  locomotives,  and  the 
tests  show  very  clearly  that  this  small  grate  is  not  at  all  suitable 
for  this  class  of  coal. 

Cinders  and  Sparks: 

20.  The  immediate  effect  of  a reduction  in  grate  area  with 
low  volatile  coal  is  to  cause  more  cinders  and  sparks  to  be  drawn 
through  the  tubes,  for  the  reason  that,  as  the  area  of  the  grate 
becomes  smaller,  the  draft,  through  what  is  left,  becomes  more 
intense  and  as  a consequence  the  particles  of  coal  are  carried 
along  with  the  gases  in  increasing  quantities.  These  unburned 
cinders  and  sparks  are  almost  entirely  clean  coke,  and  would,  if 
burned,  release  about  ten  or  eleven  thousand  heat  units  per 
pound.  They  escape  unburned,  however,  and  the  heat  that 
they  contain  is  lost.  The  disadvantage  of  increasing  the  spark 
and  cinder  losses  is  thus  apparent,  because  it  means  a loss  of 
heat  that  might  be  made  available  for  evaporation. 

21.  An  indication  of  the  extent  of  the  losses  from  the  cinders 
and  sparks  is  given  in  Table  1 where  the  calorific  value  of  the 
coal  is  compared  with  that  of  the  cinders  collected  in  the  smoke- 
box  and  the  sparks  discharged  from  the  stack. 

22.  With  low  volatile  coal  the  cinders  collected  in  the  smoke- 
box  were  at  times  as  much  as  900  pounds  per  hour,  with  the 
full  grate,  and  it  is  evident  that  even  the  full  grate  is  not  large 
enough,  and  only  allows  this  coal  to  be  burned  with  serious 
cinder  and  spark  losses. 

23.  The  weight  of  the  sparks  thrown  out  of  the  stack  was 
not  observed,  as  a satisfactory  method  for  catching  them  had  not 
yet  been  provided  at  the  time  of  the  tests.  These  sparks  are  large 
in  amount,  however,  and  their  discharge  from  the  stack  is  undesir- 
able as  in  the  course  of  time  they  fill  the  stone  ballast  of  the 
track  and  choke  the  drainage  making  it  necessary  to  frequently 
fork  the  ballast  in  order  to  keep  the  road  bed  in  proper  condition. 

High  Volatile  Coal,  Evaporation: 

24.  Following  those  already  described,  another  series  of 
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LOCOMOTIVE: 

TYPE  4-4-2 

CLASS  

NUMBER  .5Z6.6 


Pennsylvania  Railroad  Company 

Philsdelphia,  Ballimor*  A Wuhington  Railroad  Oomgany 
Northorn  Oontral  Railway  Oompany 
Waal  Jartey  A Soathora  Railroad  Oompany 
TEST  OKF>ARTR/IKrMT 


Average  Results  of  Locomotive  Tests 


Bollttln  So*  8 

TC8T  NOS.,  950  to  d53i 

901, 908 ,916,9170918. 


SUBJECT : ...  Grate  Area  Reduc.od, 


Altoona,  Pa,, B.idO-1907 


DRIVINO  WHEELS 

1 

Number  of  Pairs 

._2 

2 

Approx.  Diameter,  inches  _ 

80 

74 

Engine  Truck  wheels 

T6 

4— 

16 

..36—. 

Trailing  wheels 

re 

16 

Diameter,  inches 

50-  - 

80 

Wheel  Base,  Feet 

17 

Driving  Wheel  Base  ... . 

..  7.42 

82 

18 

Total  Wheel  Base 

30*85 

83 

19 

Gage  of  Wheels  

_5d*ia.  _ 

84 

WEIGHT  OF  ENGINE  WITH  WATER 

66 

AT  20.  GAGE  OOCK  AND  NORMAL 

FIRE,  POUNDS 

86 

20 

OnTriirk 

.3716Z 

88 

21 

“ tst  Drivers 

53334  - 

22 

* 2d  " 

..  56o6Z  - 

90 

23 

94 

24 

“ 4th  “ 

— 

26 

“ 5th  “ 

98 

26 

* Trailers 

37000 

102 

27 

Total  — 

.16.4167— 

28 

“ on  Drivers 

llOOOO 

113 

Cylinders 

114 

Diam.  and  Stroke,  H.  P 20.5  X 26 

“ - * L.  P 

rr: 

115 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

DISPLACEMENT 

40 

H.  P.  Right,  Head  End  . 

12.7. 

lie 

41 

* * Crank  “ 

_.  - 12.X-. 

42 

“ Left,  Head  “ 

12*4- 

119 

43 

“ “ Crank  “ 

11*9- 

124 

44 

L.  P.  Right,  Head  “ 

. . .-r._ 

46 

* “ Crank  “ 

125 

46 

* Left,  Head  “ 

...  -r: 

126 

47 

* “ Crank  “ 

~. 

128 

RECEIVER,  Cubic  Feet 

48 

Vnliimn  Right  Side 

— 

132 

49 

*■  Left  “ 

— 

133 

steam  PORTS,  INCHES 

13T 

60 

H.  P.  Admission,  Length  _ 

_ I9.e7_ 

61 

" ‘ Width 

_.-l*4B_ 

68 

L.  P.  * Length 

— 

144 

69 

“ “ Width  . 

— 

146 

66 

H.  P.  Exhaust,  Length.... 

146 

67 

“ “ Width  _... 

_ _2*9e_ 

TO 

L,  P.  “ Length' 

— 

T1 

“ “ Width  _ . 

Piston  rods.  Diameter 
Inches 

High  Presiure S-»472 — 

Low  “ 


Tail  rods,  Diameter, 

INCHES 

High  Presture == 

VALVES  slide 

Type  rouble  Porti?d,£al„ 

Oetign_incr.*£al«  Valve  Co» 

Per  Cent.  Balanced 75a7_. 

Type  of  Valve  MotionStaphansOZl— 
Greatest  Valve  Travel 

High  Pressure,  inches_ Za.0 

Low  ‘ * = 


Outside  lap  of  Valve 

High  Pressure,  inches  1*5 

Low  “ “ _ 

Inside  lap  of  Valve 
High  Pressure,  inrhos  VAg,  0.1  & 

Low  " * - 

Boiler 

Outside  Diam.  1st  Ring 67 

Tubes 

Number 315 

Outside  Diam.,  inches  2 

Pitch  “ _ 

Length  Between  Tube 

Sheet*,  inches  _ 179aT6 

Total  Fire  Area,  tq.  ft.  5*£6 

Boiler  Pressure,  pounds 2Q5 

Superheater 


160 

101 

162 

163 

167 

168 
169 


Grate  Area,  sq.  ft. 

Area  of  Dead  Grates 


4.0.. 


Number  of  Tube.s 

Outside  Diam.  “ inches  _ 

Grate  area 

39.5 

29,76 

Length  of  “ “ 

Firebox,  inside. 

INCHES 

171 

58,71 

77,93 

Length 

Width 

Air  Inlets  to  Ashpan, 

114 _ 
68 

172 

173 

— 

0.13 

3.97 

0.18 

5.27 

sq.  ft. 

. 6*3 

heating  surface, 

Square  Feet 

Of  the  Tub**,  Water  Side_  2471*04  __ 
' ‘ * Fire  • 2162.40 

* * Firebox,  “ * 156.66 

“ “ Soperh'r,  “ * 

Total,  Bated  on  * “ 2319.26  • 


of  Firebox  and 
Water  Side  of  Tubes. 


2627^90 


BOILER  volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  20  QAOE  COOK 


338*6 

109,9 


Water  Space,  cu.  ft. 

Steam  “ “ “ _ 

Exhaust  nozzle 

Double  Of  Single Single 

Size,  inches 5.625 

Area,  sq.  inches 24.65 

Reverse  lever 

H.  P.  Notches  Forward  of  Center  _ 15. 

L.  P.  Notches  Forward  of  Center — 


RATIOS  Full  Grate 
Heating  Surface  (138)  to 

Grate  Area  (145)  .41*79  . 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145)  Q.09. .. 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145) 2.83 

Tube  Heating  Surface  (155) 

to  Fira  Box  Heating  „ 

Sur^ce  (156)  13>^9 


Ratios. Reduced  Grato, 


•USED  IN  0AL0ULATI0N8 


DIMENSIONS  OF  E2a  CLASS  LOCOMOTIVE  5266. 
The  locomotive  used  for  the  Reduced  Grate  tests. 
Table  3. 
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■ p.  at»t 

8»iuJ4 


Sheet 


LOCOMOTIVE : 

TYPE A.r4.-Z. 

CLASS  .B2a 

NUMBER 5266,_ 


Pennsylvania  Railroad  Company  Buiietm  ko.  a 

950  to  953 

FUEL:..P.Q»n....G:M. 

...901..  to....91.7 

Scalp  Level 


Phiiedelphia,  BeKimare  & WukUgtee  Beilroad  Company 
Northern  Central  Railway  Company 
Weat  Jaraoy  & Seaahore  Railroad  Company 
VEST  DEPARTMENT 


Average  Results  of  Locomotive  Tests 


SUBJECT 


Altoona,  Pa. 


8-10-07 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Daraticn 

of 

Tait, 

Nllaa 

per 

Throttle 
Opening, 
Full  or 

Actual 

Cut..ff 

Per  Cent, 

Coal 

Preeeure 

In  Bailer, 
the.  per 

Sq.  inch 

Draft 

In 

Smoke  Box, 
Inch.! 

Draft 

In 

Aih  Pan, 
Inchaa 

CalorlAc 
Value 
of  Dry 

Fuel, 

CIndore 

Coliected  In 

Smoke  Bex, 

Pounds 

Partial 

Cylinder* 

of  Water 

ofWitar 

8.T.U.perLb. 

per  Hour 

'■.P.aeat.aflTkrottlt 

196 

199 

203 

268  to  Z71 

217 

222 

226 

248 

238 

950 

OO-IS-F 

3.00 

19,10 

Pall 

Penn 

204.5 

2.0 

.1 

14713 

126 

151 

120-20-F 

3.00 

28.42 

It 

Gas 

201.4 

3.4 

.2 

14864 

49 

952 

160-25-F 

2.50 

38.02 

M 

tl 

201.9 

3,8 

.2 

14664 

48 

953 

160-3L-F 

2.00 

38,02 

n 

It 

1 198.9 

7.3 

.3 

14864 

91 

901 

60-1 5-F 

3.00 

19.10 

ti 

Scalp 

1201.3 

2,0 

.2 

15264 

52 

908 

120— 20— F 

3.00 

28.65 

ti 

Level 

1201.0 

3.9 

• 7 

15167 

101 

916 

160-24=# 

2.50 

38.20 

« 

II 

1 200.0 

5.2 

.3 

15264 

302 

917 

?.60-27-F 

3,00 

38,20 

II 

|l68.4 

7.7 

.3 

16167 

492 

910 

160-5Q-F 

1,00 

Cl 

0,20 

19 

•' 

Il8-6.>L, 

6-g 

Xa3 

15167 

■ -2P7 

BOILER  PERFORMANCE 

EN6INE  PERFORMANCE 

TEST 

Dry  Fuel 

Water 

i4 

EQUIVALENT  EVAPORATION 

FROM  ANOAT2t2<>  F.,  POUNDS 

Boiler 

Efficiency 
of  Boiler, 
Bated 
on 

Fuel 

Dpft 

ProMure 

la 

Superheat 

In 

NUMBER 

FIrtd 
par  Hoar, 
Potisdi 

Pound!  par 
SthFtef 
6rata 

to  Boiler, 
Poondt 
per  Hour 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fire 
Heat'ng  Sur, 

Per 

Pound 

Dry*^uel 

Horee 

Power 

(34HU.ofE,) 

Fire- 

box, 

Branch  Pipe, 
Puuedt 
par  Sq.  In. 

Branch 

Pipe 

Degrees  F. 

338 

338 

340 

344 

345 

347 

349 

360 

2£Q 

230 

950 

1800 

32.58 

14647 

17798 

7,67 

9,84 

515.9 

64.59 

0.5 

951 

2585 

46.58 

20652 

25235 

10.88 

9.76 

731.4 

63,42 

0.6 

952 

3760 

67 

.89 

27590 

53764 

14.56 

8.96 

979.7 

58.22 

1.2 

953 

5480 

98 

.74 

35144 

43030 

1§.56 

7,85 

L247.3 

51.01 

2.1 

901 

1665 

30,00 

14673 

17806 

7.68 

10.69 

516.0 

67.65 

0,6 

19P,3 

900 

2455 

44 

.24 

20135 

24434 

10.54 

9.95 

708,2 

63,36 

1.7 

1 197.7 

916 

4221 

76 

,05 

26436 

32246 

13.90 

7.64 

934,7 

48.34 

1.5 

1 195,0 

917 

4802 

86 

.55 

26670 

34793 

15.00 

7.25 

1008. 5 

46.17 

2.1 

1 165.6 

918 

5581 

100 

,58 

3072! 

37170 

6^66 

1077^ 

42.41 

■2  A- 

1 

engine  performance 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Pry  Steam 
to 

Eaginet, 
Pounds 
per  Hour 

Indicated 

Horee 

Power 

Dry  Fuel 

Indicated 

Horee 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horaa 

Power  Hour, 
Poundf 

C 0 1 

Smoko- 

box 

gases 

Drawbar 

Pull, 

Pounds 

Dyramometer 

or 

Drawbar 

Horee 

Power 

Dry  Fuel 
per 

Dynamem. 

Horee 

Power  Hour, 
Pounds 

D7  Steam 
per 

Dynamom. 

Horae 

Power  Hoori 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent 

Thermal 

Efficiency 

of 

Locomotlye, 

percent,, 

(iMedonFuel) 

ScQOke 

in 

Peroenli 

214 

879 

380 

381 

266 

383 

384 

386 

398 

399 

950 

14172 

0 

7059 

359.6 

5,03 

39,42 

3,44 

72 

951 

2L448 

0 

7579 

574.3 

4.50 

35,58 

3.80 

38 

952 

27326 

.27 

8766 

888.^ 

4.24 

30.74 

4.04 

46 

953 

34800 

.67 

11790 

1195,3 

4.58 

29,11 

3.74 

32 

901 

14077 

419.8 

3,97 

33.54 

0 

*/27 

327,3 

5.09 

43,02 

3.28 

Vo 

908 

19548 

667.6 

3.57 

28.81 

0 

7280 

556.2 

4.42 

35.16 

3.79 

916 

25529 

LOU,  6 

4.17 

25.23' 

0.06 

8155 

830.7 

5.08 

30,73 

3.28 

Record 

27958 

lO.yO.0 

4.55 

26,50 

0.60 

8757 

892,1 

5.36 

31.34 

3.10 

30057 

2a.4£  . 

0.60 

..9571  ■ 

071^,0 

.5.72 

L30.fl.T 

-am9a.- 

TESTS  WITH  THE  WHOLE  GRATE  IN  USE. 

Two  coals  were  used,  Penn  Gas  and  Scalp  Level.  The  first  a high,  and  the  second  a low  volatile  coal. 

Table  4. 
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M.  F. 


laMM 


LOCOMOTIVE: 
TYPE 

CLASS  

NUMBER  ^66 


Pennsylvania  Railroad  Company 

PhliMkIphia.  Baltimore  A Wothinfton  Railrood  Oompony 
Northom  Control  Railway  Company 
Woot  Jorooy  A Seaohoro  Railroad  Company 
XC»X  DK»=»A«TIVtKrsJX 


Bulletin  HOp  6 
FUEL: 

Coal 


Average  Results  of  Locomotive  Tests 
SUBJECT : Gxate. Iraa  Bednhed  to  39^5 ..aqp  ft, Altoona,  Pa., 


RUNNING  CONDITIONS  | 

BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Toot, 

Hours 

Mllat 

per 

Hour 

ThrottIa 

Opening, 

FuNor 

Partial 

Actual 

Cut-off 

Per  Cant, 
H.P. 
Cylinden 

Coal 

Pressure 

In  Boiler, 

Lbs.  per 

Sq.  Inch 

Oran 

In 

Smoke  Boa, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

CalofHk 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 
Collected  In 
Smoke  Box, 
Pounds 
per  Hour 

I.P.ffi.  Cat-eft  Tkrtllta 

196 

199 

203 

2Utll71 

217 

222 

226 

248 

238 

905 

925 

926 

928 

60-15-F 

J.20-20-F 

160-25-F 

160-32-F 

3.00 

3.00 
2,50 

2.00 

19.01 

28,42 

37,78 

37,78 

Full 

ft 

H 

16 

Penn 

Oaa 

200,7 

204.9 

203.1 

201.5 

2.2 

5.5 
4.7 

7.5 

.1 

.3 

.3 

.3 

14411 

14411 

14411 

14411 

26 

31 

81 

120 

TEST 

NUMBER 

BOILER  PERFORMANCE 

1 ENGINE  PERFORMANCE 

On'Ftel 

A«d 

per  Hour, 
Pounda 

Dry  Ftel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Dellyerwl 
to  Bollor, 
Pouada 
per  Hoar 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

fewer 

(341  U.ofL) 

Efficiency 
of  Boiler, 
Bated 

on 

Fuel 

Draft 

File- 

box. 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq.  In. 

Superheat 

In 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Par  Hear 
pw  8g.  Ft. 

of  Firo 
Heating  Sur. 

Per 

Poend 

el 

Dry  Foal 

338 

339  ■ 

340 

344 

346 

34T 

349 

360 

220 

230 

905 

925 

926 

926 

1602 
25.  36 
3952 
5389 

45.62 

64,20 

100,05 

136.43 

15003 

20097 

26550 

34350 

18483 

24395 

32286 

41602 

7,97 

10.52 

13,92 

18,02 

10.26 

3.62 

3,17 

7.76 

535.7 
707.1 

936.8 
1311.7 

68.76 

64.47 

54.75 

52.01 

0.5 

1,3 

1.5 

2.7 

TEST 

NUMBER 


Dry! 


Indkated 

Horta 

Power 


Dry  Fuel 
per 


Horte 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 


C 0 

TiOX 

gsaee, 


Drawbar 

Pall, 

Pound* 


Oynamoototer 

♦r 

Drawbar 

Horte 

Power 


Dry  Fuel 
per 

Dynamom, 


PowerHour, 

Pounds 


Dry  Steam 
per 


Horse 

Power  Hour, 
Pounds 


Machino 

Fffcicncy 

of 

Locomotlee, 
Per  Cent. 


per  Cent. 
(BasedonFuel) 


Thermal 

Efficiency 


Sfeooke 

in 

Peroeni 


379 


381 


266 


383 


384 


386 


398 


399 


905 

925 

926 


0 

0,07 

0 

0,4 


7454 

6072 

9561 

11980 


377,8 

613,7 

963,3 

1207.0 


4,77 

4.13 

4,10 

4,46 


59.48 

52.40 

27.18 

28,15 


3.70 

4.28 

4,31 

s5,96 


18 

24 

36 

52 


TESTS  WITH  THE  GRATE  REDUCED 
as  in  Fig.  2,  and  using  a high  volatile  coal. 

Table  5. 
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M.  F.  894  A-Sixth  Sho«t 
SxlUji 

LOCOMOTIVE: 

TYPE 4-r4r?^ 

CLASS IZS, 

NUMBER  S;S66. 


Pennsylvania  Railroad  Company 

Philadtlphi*,  BahiHiar*  4 WMhiagtM  lUilrMd  Cempaiiy 
Ner«h«ni  Caatral  RalhuMy  Campaay 
Wm<  J«r*«y  4 8««<her«  I 


TC8X  OEPARXMCfMX 


Average  Results  of  Locomotive  Tests 
SUBJECT : Gj:.»t.©JijrQS  Reduced  to  29,.76...flq*  ft* Altoona,  Pa. 


Bulletin  ZTo*  6 

945  to  948 
FUEL  :PQPa..]jaa 

....94Q....ta...94.4.. 
Scalp  Level 


.fi«lDr.Q7.. 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Tert, 

Houn 

Milos 

psr 

Hour 

Throttle 
Openlug, 
Full  or 
PwtItI 

AclutI 

Ciitnff 

Per  Cent, 

H.  P. 
Cylinders 

Coal 

I Prestun 
] In  BoHer, 
i Lbs.  per 

1 Sq>  Inch 

Draft 

In 

Smoke  Box, 
Inches 
ofWtter 

Drift 

In 

Ash  Pin, 
lichet 
efWiUr 

CiloHle 
Vilui 
of  Dry 

FmI, 

B.T.U.perU. 

Cinders 

CoHocted  In 

Smoko  Box, 

Pounds 
per  Hour 

4 P. «.  M.««f  TMtIt 

196 

199 

203 

268  te  271 

1 217 

222 

226 

248 

238 

946 

80-30-P 

3. 

00 

19. 

10 

notches 

27.5 

Penn 

1 195.1 

1.5 

.0 

14713 

30 

948 

120-20-F 

3. 

00 

28. 

65 

Pull 

18.4 

Gas 

I 202.1 

3,5 

• 2 

14713 

42 

945 

160-25-.P 

2, 

50 

38.20 

23.8 

” 

1 200.4 

5.5 

.2 

14713 

93 

947 

160~32~? 

2. 

00 

38. 

20 

32.9 

It 

1 182.6 

7.2 

.2 

14713 

128 

940 

80-1 5-P 

3. 

00 

19. 

10 

n 

14,5 

Scalp 

1 199.1 

2.3 

.1 

15077 

104 

941 

120-20-F 

3. 

00 

28. 

65 

•1 

18,2 

Level 

1 

3,5 

.1 

15077 

324 

943 

80-30-F 

2. 

50 

19. 

10 

»• 

29.9 

l» 

I 202,7 

3.9 

■1 

• •*' 

15077 

327 

942 

944 

160-25-F 

160-25-F 

1. 

1. 

33 

67 

38., 

38., 

20 

20 

24.3 

24.0 

If 

tf  { 

1 195.1 
1 ie7,>£ 

5.7 

• 2 
.1 

15077 

15077 

368 

775 

BOILER  PERFORMANCE 

EN6INE  PEf 

FORMANCE 

TEST 

Di^Fmi 

Dry  Fuel 

HSMf* 

WiUr 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F. , POUNDS 

Boiler 

ESclency 
of  Boiler, 
Bued 
on 

Fuel 

Draft 

Fire- 

box. 

Preuun 

Id 

Superheat 

In 

NUMBER 

Find 

^Hour, 

Poud< 

Poindt  per 
8<i.Ftof 
Gnte 

to  Boiler, 
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ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 
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TESTS  WITH  THE  GRATE  REDUCED 
as  in  Fig  3,  and  using  both  a high  and  low  volatile  coal. 

Table  6. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

CO-ORDINATE  PAPER.  J B.  WtBB.  Hot-oken,  N.  J.  NtCATm,  2 
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EVAPORATION  PER  POUND  OF  COAL. 

The  upper  line  is  for  the  full  grate  and  the  lower  line,  showing  much  less  water  per  pound  of  coal,  is 
for  the  grate  blocked  off  to  the  smallest  area.  The  coal  used  was  Scalp  Level, 
a low  volatile  light  friable  coal. 

Fig.  4. 


CO-ORDINAI'E  PAPER.  J B.  Weib,  Hoboken,  N.  J. 
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EFFICIENCY  OF  BOILER. 

The  large  grate  as  shown  by  the  upper  line  gives  the  best  results.  The  coal  has  been  plotted  in  total 
pounds  per  hour  instead  of  per  square  foot  of  grate,  because  there  were 
two  sizes  of  grate.  The  coal  used  was  Scalp  Level. 

Fig.  5. 
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tests  was  run  on  three  sizes  of  grates  to  show  the  effect  of 
changes  in  the  grate  area  when  using  Penn  Gas  coal,  which  is 


Table  1. 


Test 

No. 

Calorific  Value,  B.  t.  u. 

Per  Pound 

Kind  of  Coal 

Grate 
Area 
Sq.  Ft. 

Of  Dry 
Coal 

Cinders 

Sparks 

901 

15264 

11713 

10868 

Scalp  Level 

55.5 

908 

15167 

10606 

8484 

u 

u 

916 

15264 

9287 

9042 

u ' 

u 

917 

15167 

9701 

11617 

1 

u 

918 

1 

15167 

11497 

10899 

u 

u 

950 

14713 

10808 

19028 

Penn  Gas 

55.5 

951 

14864 

10659 

9540 

u 

U 

952 

14864 

11430 

11017 

u 

u 

953 

14864 

11312 

10370 

« ! 

1 

u 

905 

14411 

11109 

11109 

Penn  Gas 

39.5 

925 

; 14411 

9008 

9298 

“ 1 

1 “ 

926 

14411 

10691 

10572 

u 

a 

928 

14411 

9971 

10452 

! « I 

u 

940 

15077 

10227 

10227 

! Scalp  Level 

\ 29.76 

941 

15077 

10868 

11997 

' ‘‘  

1 “ 

943 

15077 

11291 

12216 

i u 

1 

U 

942 

15077 

11351 

11977 

1 

U 

944 

15077 

10660 

11677 

a 

u 

946 

14713 

8623 

10300 

Penn  Gas 

29.76 

948 

14713 

10061 

11672 

! « 

-- 

u 

945 

14713 

11198 

11618 

1 “ 

u 

947 

14713 

10898 

11018 

a 

u 

high  in  volatile  combustible  and  is  representative  of  the  kind  of 
coal  used  on  passenger  locomotives.  The  grate  areas  chosen  were 
those  referred  to  in  the  first  portion  of  this  report,  namely:  full, 
39.5  and  29.76  square  feet.  With  this  coal,  the  results  obtained 
are  very  different  from  those  with  the  low  volatile  coal.  Figs.  7, 
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8 and  9 and  Tables  4,  5 and  6 show  the  results  with  the  high 
volatile  coal.  Unless  the  boiler  is  forced  to  high  rates  of  evapora- 
tion, the  evaporation  per  pound  of  coal  and  the  efficiency  of  the 
boiler  are  not  much  influenced  by  the  reduction  in  the  grate. 

25.  It  is  noticeable,  however,  that  the  full  size  grate  gives 
an  equivalent  evaporation  of  18.56  pound  per  square  foot  of 
heating  surface,  as  a maximum,  while  with  each  reduction  in 
grate  the  evaporation  is  decreased.  It  is  18.02  with  the  medium 
grate  and  17.43  with  the  small  grate.  The  full  grate  is  none  too 
large  for  high  volatile  coal,  and  a reduction  in  it  limits  the  output 
of  the  boiler. 

Cinders: 

26.  In  Fig.  9 the  cinders  caught  in  the  smokebox  are  shown 
with  the  dry  coal  fired  per  hour.  At  all  rates  of  firing  the  cinders 
are  increased  with  the  blocking  oflf  of  the  grate,  showing  again 
that  the  full  size  grate  is  none  too  large. 

Smoke: 

27.  The  smoke  was  observed  during  the  trial  with  the  high 
volatile  coal  with  the  results  shown  in  Table  2. 


Table  2. 

Average  Smoke  (Ringelmann  Scale)  Penn  Gas  Coal. 
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CINDERS  COLLECTED  IN  SMOKEBOX. 

With  this  coal.  Scalp  Level,  there  is  little  difference  between  the  two  sizes  of  grate,  in  the  quantity 

of  cinders  collected. 

Fig.  6. 
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EVAPORATION  PER  POUND  OF  COAL,  PENN  GAS  COAL. 

With  this  coal  the  effect  of  the  differeQce  between  the  grates  does  not  appear,  except  that  the 
maximum  evaporation  is  reduced  with  each  reduction  in  grate  area. 

Fig.  7. 
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EFFICIENCY  OF  BOILER,  PENN  GAS  COAL. 
Three  areas  of  grate. 

Fig.  8. 


CO-ORDINATE  PAPER.  J B.  We»b.  Hoboken,  N.  J.  •.♦  negative. 


CINDERS  COLLECTED  IN  SMOKEBOX,  PENN  GAS  COAL. 

The  effect  of  a reduction  in  grate  surface  is  very  clear  on  this  diagram,  and  the  large  amount  of 
cinders  with  the  smaller  grate  indicates  where  the  losses  occur  that  limit  the 
boiler  capacity  with  the  small  grate. 

Fig.  9. 
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28.  In  general  with  this  high  volatile  coal  the  smoke  shown 
is  less  with  the  smaller  grate  than  with  the  whole  grate  in  use. 
The  decrease  in  smoke  is  considerable  with  the  smallest  grate. 
There  is  a decrease  of  27%  in  one  case  and  42%  in  the  other. 

29.  The  combustion  on  the  small  grate  would  appear  from 
this  to  be  better  than  the  relatively  slower  combustion  on  the 
large  grate,  and  this  may  be  due  to  the  combustion  chamber  that 
is  formed  at  the  front  end  of  the  grate  over  the  blocked  off 
portion. 

30.  The  figures  from  the  analysis  of  smokebox  gases  are 
too  inconsistent  to  be  used  as  the  basis  for  any  deductions  in 
regard  to  combustion  on  the  different  grates. 

31.  After  the  tests  on  the  E2a  locomotive  with  the  front  end 
of  the  grate  blocked  off,  a series  of  tests  was  made  with  a 
locomotive  of  the  H6b  class  having  the  grate  made  solid  around 
the  edges. 

32.  As  these  tests  are  similar  to  the  foregoing,  in  that  part 
of  the  grate  surface  was  blanked  or  blocked  off,  they  will  be 
described  in  what  follows: 
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GENERAL  ARRANGEMENT  OF  H6b  CLASS  LOCOMOTIVE. 
Used  in  Solid  End  Grate  tests. 

Fla.  10. 


“Tk  r 


GRATE  WITH  SOLID  ENDS. 


The  second  form  of  grate  modification  and  results  from  its  use. 


INTRODUCTION. 

33.  For  a long  time  past  the  Pennsylvania  Railroad  Com- 
pany’s locomotives  have  had  grates  with  side  bearing  bars  that 
fit  close  to  the  firebox  sheets  so  that  no  air  can  enter  the  firebox 
between  these  bearers  and  the  sheets.  The  sheets  are  thus 
protected,  for  a space  of  about  2 inches,  from  direct  contact  with 
cold  air  entering  the  furnace, 

34.  It  has  been  proposed,  in  endeavoring  to  prevent  smoke, 
that  this  protecting  strip  be  widened  and  the  air  entering  through 
the  grate  be  compelled  to  come  up  at  a greater  distance  from 
the  firebox  sheets,  and  tests  of  such  an  arrangement  have  been 
made.  It  was  expected  that  this  blocking  of  the  grate  would 
result  in  better  combustion  and  evaporation  and  a reduction  in  the 
amount  of  smoke  on  account  of  the  higher  furnace  temperature 
that  would  be  possible.  The  results  were  not  as  anticipated,  and 
no  advantage  was  found  in  the  use  of  the  solid  end  grates. 
There  was  an  increase  in  the  smoke  and  no  saving  in  coal 
from  their  use. 


Description  of  Grate. 

35.  In  order  to  test  the  effect  of  such  a modification  of  the 
grate,  a set  of  grates  as  shown  in  Figs.  11  and  12  were  prepared 
for  the  H6b  class  locomotive.  The  photograph  shows  one  section 
each  of  the  front  drop  grate,  half  grate,  filling  piece  and  one 
section  of  the  rocking  or  finger  grate  bar.  The  pieces  shown, 
make  up  the  forw^ard  end  of  the  grate  on  one  side  of  the 
firebox. 

36.  On  the  outside  end,  or  the  end  of  each  grate  bar  nearest 
to  the  sheets,  the  openings  through  the  grate  have  been  closed  up 
or  the  ends  made  solid.  This  solid  part  is  about  6 inches  wide, 
making  a section  of  solid  grate  about  9 inches  wide,  if  we  include 

(2,3) 
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the  grate  bearing  bar,  all  the  way  around  the  firebox.  The 
firebox  sheets  were  thus  protected  more  perfectly  than  is  usual, 
and  better  combustion  and  less  smoke  was  expected  from  this 
arrangement. 

37.  The  total  grate  area,  measured  up  to  the  firebox  sheets 
is  48.66  square  feet  and  the  air  openings  through  the  grate  with 
solid  ends  are  a total  of  15.41  square  feet  or  31.7  per  cent  of  the 
grate  area.  The  grate  without  the  solid  ends,  or  the  standard 
grate  for  this  locomotive,  has  air  openings  of  17.6  square  feet  or 
36.4  per  cent  of  the  total  grate  surface. 

The  Tests. 

38.  Five  tests  of  this  grate  were  made  and  they  were 
chosen  so  that  they  cover  a wide  range  in  evaporation.  All 
of  the  tests  were  made  with  an  H6b  class  locomotive,  see 
Fig.  10.  There  were  two  speeds  and  cut-offs.  For  com- 
parison with  them,  five  other  tests  with  this  locomotive  at 
similar  speeds  and  cut-offs  with  the  usual  or  standard  grate 
have  been  selected. 

39.  In  all  of  the  tests  Jamison  run-of-mine  coal  was  used. 
The  analysis  of  this  coal  is  as  follows : 


Fixed  Carbon 55.57 

Volatile  Combustible 31.59 

Ash 11.95 

Moisture 0.89 

100.00 

Sulphur 2.21 

B.  t.  u.  per  pound  of  dry  coal 13540 


The  firing  and  handling  of  the  locomotive  were  the  same  in 
all  of  the  tests. 

40.  The  results  of  the  tests  are  shown  on  Table  9 and 
diagrams  Figs.  13  to  16. 

41.  Table  7 showing  observations  of  the  smoke,  would 
indicate  that  there  is  a trifle  more  smoke  with  the  solid  end 
grate  than  with  the  standard  grate. 
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GRATE  WITH  SOLID  ENDS. 

As  applied  to  H6b  Class  Locomotive. 

Fig.  11. 
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Table  7. 


Te?T  Number 

Test  Designation 

Average  Smoke 
Number 

Standard  Grate 

Solid  End  Grate  ! 

M.P.  H. 

Cut-Off 

Throt- 

tle 

Stand- 

-ARD 

Grate 

! Solid 
End 

; Grate 

1200.400 

1 

1200.405 

12.86 

1 

20%: 

Full 

12 

I 14 

1200.399 

1200.406 

12.86 

30%: 

u 

12 

14 

1200.401 

1200.407 

12.86 

1 40% 

u 

12 

! 16 

1200.404 

1200.408 

19.3 

‘ 40%: 

u 

22 

26 

1200.410 

* 1200.409 

jl9.3 

i 45%: 

(( 

32 

30 

1 

This  is  further  illustrated  on  the  diagrams  Figs.  13  and  14 
which  show  the  average  smoke  with  coal  fired  and  the  average 
smoke  with  water  evaporated. 

42.  On  the  diagram  of  evaporation  per  pound  of  coal  and 
evaporation  per  square  foot  of  heating  surface  (Fig.  15),  no 
difference  can  be  found  between  the  two  grates.  The  boiler 
capacity  is  apparently  not  limited  to  any  great  extent,  by  the  use 
of  this  solid  end  grate. 

Conclusions  (Grate  Area  Reduced). 

43.  It  has  been  demonstrated  that  with  a light  friable  coal 
which  easily  forms  cinders  and  sparks  in  large  quantities,  the 
blocking  off  of  the  grate  has  a very  bad  effect  and  there  can  be  no 
justification  for  making  the  large  grate  smaller.  If  the  low 
volatile  coal  is  to  be  used  in  locomotives  which  are  operated  at 
rates  close  to  their  capacity,  there  should  be  provided  a larger 
grate  area  than  is  now  customary. 

44.  With  the  gas  coal  the  conclusions  are  not  so  decidedly  in 
favor  of  the  full  grate,  for  with  this  coal  there  is  a little  less 
smoke  with  the  smaller  grates,  but  at  the  same  time  there  is  a 
reduction  in  the  capacity  of  the  boiler  to  generate  steam  which  is 
a much  more  serious  limitation  to  the  usefulness  of  the  locomotive 
than  is  compensated  for  by  the  slight  reduction  in  smoke.  We 
must  conclude,  therefore,  that  the  methods  of  blocking  off  the 


GRATE  BARS  WITH  SOLID  ENDS. 

Each  of  the  different  shapes,  which  make  up  the  whole  grate,  a'-e  shown.  There  are  four  of  the 
drop  grate  sections  and  18  of  the  finger  grates. 

Fig  12. 
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grate,  that  were  investigated,  result  in  limiting  the  power  of  the 
locomotive,  and  the  slight  advantages  shown  in  ease  of  firing  and 
reduction  of  smoke  would  better  be  secured  in  some  other  manner 
])y  which  the  locomotive’s  power  would  be  increased,  rather  than 
diminished. 

Recommendations  (Grate  Area  Reduced). 

45.  These  tests  disclose  the  fact  that  any  limitation  of  the 
active  portion  of  the  grate  reduces  the  maximum  capacity  of  the 
locomotive  and  the  practice  of  reducing  the  grate  should  not  be 
permitted  with  either  high  or  low  volatile  coal. 

Conclusions  (Grates  With  Solid  Ends). 

46.  From  these  tests  it  appears  that  there  is  no  advantage 
shown  by  the  solid  grate.  The  evaporation  per  pound  of  coal 
is  not  improved,  and  there  is  more  smoke  than  with  the  standard 
grate.  (Paragraphs  41  and  42.) 

Recommendations  (Grates  With  Solid  Ends). 

47.  There  is  little  promise  of  important  developments  in 
smoke  prevention  from  such  devices  as  this  solid  end  grate,  and 
our  recommendations  are,  that  further  efYorts  in  the  improvement 
of  combustion  be  directed  along  other  lines. 

C.  D.  YOUNG, 

Engineer  of  Tests. 


Approved  : 

J.  T.  WALLIS, 

General  Supt.  Motive  Power. 

Test  Department. 

Altoona,  Penna., 

August  31,  1912. 
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M.  P.  894A_ 

M-  lOK 

LOCOMOTIVE: 
TYPE  2-a-O 
CLASS  _H6b.  _ 

NUMBER  2860 


7 t imn 


Pennsylvania  Railroad  Company 

Philulalphia,  Baltimore  i Wathingten  Railroad  Oompany 
Northern  Central  Railway  Company 
Weat  Jertey  dL  Seathera  Railroad  Company 


Bulletin  Ho*  8 

TEST  NOS.,  1200,399  to 


TEST  OEPARTrviEr*JT 

Average  Results  of  Locomotive  Tests 


1200,410 


SUBJECT:  Standard  and  Golld  End  Gratos 


Altoona,  Pa.,  4-20-1912 


Driving  Wheels 

Piston  Rods,  Diameter 

, 

Number  of  Pairs  

4 

Inches 

2 

Approx.  Diameter,  inches 

66 

74 

High  Pressure  _ . 4 

184 

Engine  truck  Wheels 

76 

Low  “ — 

165 

14 

Number  - 

_ B - 

TAIL  Rods,  Diameter, 

166 

16 

Diameter,  inches 

___-  3a  _ 

INCHES 

167 

trailing  Wheels 

78 

High  Pressure  . 

•168 

16 

A*  • 

80 

Low  “ . . .r  _ - 

169 

Wheel  Base,  feet 

VALVES 

17 

Driving  Wheel  Base..  _ 

16,26 

62 

Type  Vlaton  

13 

Total  Wheel  Base 

24,84 

83 

Desigt*Amr,Bal, Valve  Co, 

19 

Gage  of  Wheels 

4,75 

84 

Per  Cent.  Balanced  100 

WEIGHT  OF  ENGINE  WITH  WATER 

86 

Type  of  Valve  MotionWalscbOOrtB 

1 60 

AT  20.  GAGE  COCK  AND  NORMAL 

Greatest  Valve  Travel 

FIRE.  POUNDS 

86 

High  Pressure,  inches 6,26 

161 

20 

On  Truck 

21667 

88 

Low  • « „ 

2 1 

“ 1st  Drivers 

45667 

Steam  lap  of  valve 

162 

22 

' 2d  ‘ 

42683 

90 

High  Pressure,  inches  ,91  

163 

23 

• « 

47500 

94 

Low  “ “ 

167 

24 

• 4th  * 

40850 

ExheuatLAp  of  valve 

26 

“ 5th  ' 



98 

High  Pressure,  inchesWog,  ,QS 

166 

26 

m 

. 

102 

Low  * * ^ 

169 

27 

Total  — .. 

198267  _ 

BOILER 

28 

• on  Drivers 

176600 

113 

TypeBalpftlra^r.'l  da  FireboX- 

171 

Cylinders 

114 

Outside  Diam.  1st  Ring  _71,l8 

Diam.  and  Stroke,  H P 

22  X 28 

Tubes 

172 

. . « . p 

116 

Number  373 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

Outside  Diam.,  inches  2 

173 

DISPLACEMENT 

Pitch  “ 2,6875 

40 

H.  P.  Right,  Head  End 

12,5 

118 

Length  Between  Tube 

174 

4 1 

“ • Crank  “ 

10,7 

Sheets,  inches  ...  164,28  

42 

“ Left,  Head  “ _ 

12,2 

119 

Total  Fire  Area,  sq.  ft.  6,23  . . 

43 

“ ' Crank  “ 

10,8' 

124 

Boiler  Pressure,  pounds  205 

44 

L.  P.  Right,  Head  - 

Superheater 

46 

• '■  Crank  “ 

- 

126 

Number  of  Tubes  — 

46 

■ Left,  Head  “ 

126 

Outside  Diam.  “ inches — 

47 

■ • Crank  “ , . 

r 

128 

Length  of  “ “ — 

Receiver,  Cubic  Feet 

Firebox,  inside,  inches 

48 

Volume  Right  Side 

^ 

132 

Length  116,32 

49 

* Left  “ 

133 

Width 65,04  _ . 

STEAM  PORTS, 

Inches 

137 

Air  Inlets  to  Ashpari, 

50 

H.  P.  Admission,  Length 

30  _ 

sq.  ft 7,66 

6 1 

• • Width 

2_ 

Grates 

68 

L.  P.  • Length 

- 

144 

Type — RocJciug  finger - 

69 

• • Width 

- 

146 

Grate  Area,  sq.  ft. 48,66 

66 

H.  P.  Exhaust,  Length 

Ko  port— 

146 

Area  of  Dead  Grates  0 

67 

‘ “ Width 

. 

Air  inlots  throucJi  gratos 

70 

L.  P.  * Length 

- 

•q.  ft,  15,41 

71 

Width  .. 

Heating  Surface, 

Square  Feet 

Of  the  Tubes,  Water  Side  2673,68  _ 
■ • ‘ Fire  “ 2339,23 

* “ Firebox,  * * 16Jj,06 

“ * Superh'r,  ‘ •“  . — 

Total,  Based  on  ‘ “ 2606,29 

of  Firebox  and 

Water  Side  of  Tubes  2833^74  _ 

Boiler  Volume 
with  water  surface  at  level 

OF  20  QAQE  COOK 

Water  Space,  cu.  ft.  349,7 

Steam  - “ “ 83^1 

Exhaust  Nozzle 

Double  or  Single  _ 3 ingle 

Si/e,  inches 6,63 

Area,sq.  inches  ^,69 

Reverse  lever 

H.  P.  Notches  Forward  of  Center  22 
L.  P.  Notches  Forward  of  Center  — 


Ratios 

Heating  Surface  058)  to 

Grate  Area  045) 

51,49 

Fire  Area  Thru  Tubes  019) 
to  Grate  Area  (145)  _ 

.13 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

.?.41_ 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  056) 

nJSEO  IN  CALCULATIONS 


DIMENSIONS  OF  THE  H6b  CLASS  LOCOMOTIVE 
on  which  the  solid  end  grate  tests  were  made. 

Table  8. 
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M.  g.  394  A-aixth  Sheet 
» sluJi 

LOCOMOTIVE: 

TYPE 2-8rP 

CLASS  

NUMBER  


Pennsylvania  Railroad  Company 

Philedelphie,  BsHiawM  & Wnhiegton  Reilrud  Cempaiiy 
Norihern  Ccatrel  Railway  Company 
Wcat  Jaraoy  & Saaahoro  Railroad  Company 
TEST  DEPARTMENT 


Bulletin  VOp  8 

FUEL : . Jamison 
CqsI 


AvERAQC  Results  of  Locomotive  Tests 

SUBJECT: Standard  and  Solid  find  Gr&to  Altoona,  Pa.,. 


RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duntlon 

of 

Test, 

MilO! 

per 

Throttle 
Opening, 
Full  or 

Actual 

Cut-off 

Per  Cent, 

Kind 

of 

Pra!!ure 

In  Boiler, 
Lbi.  per 

Draft 

In 

Smohe  Box, 
Incho! 

Draft 

in 

Ash  Pan, 
Inchn 

Calorific 
Value 
of  Dry 

Fuel, 

Oadars 

Collactad  In 

SnxAa  Bex, 

Pounds 

Hour! 

Partial 

Cylindort 

Crete 

Sq,  inch 

of  Water 

of  Water 

B.T.U.porU. 

psr  Hour 

R.  P.  a.  Citefl  Ttnltla 

196 

199 

203 

268  te  271 

217 

222 

228 

246 

236 

1200.400 

80-20-F 

2 

12.86 

Full 

1 

ttandar^ 

202.4 

1.5 

0 

13540 

19 

1200.399 

8G-30-P 

2 

12,86 

N 

99 

204.8 

2.1 

0 

13S93 

24 

1200.401 

eo-«io-F 

2 

12.86 

•9 

99 

203.8 

3.6 

0 

13540 

69 

1200.404 

120-40-F 

2 

19.30 

•9 

99 

198.3 

5.3 

0.1 

99 

94 

1200,410 

120-46«F 

1 

19.30 

m 

W 

202.9 

5.6 

0,2 

99 

254 

1200.405 

80-20-F 

2 

12.1 

36 

•9 

204,8 

1.4 

. 

M 

17 

1200.406 

80-3 0-F 

2 

12.86 

*• 

99 

203.0 

2.1 

0.1 

19 

27 

1200,407 

80-40-.F 

2 

12.06 

99 

99 

205.1 

3.4 

0.1 

H 

37 

1200.408 

120.40-F 

2 

19.30 

99 

99 

107,8 

5,0 

0.1 

99 

94 

^,409 

120-4 5-F 

1 

19.30 

99 

99 

6.5 

0>2 

99 

254 

BOILER  PERFORM 

lANCE 

ENGINE  PE 

IFONMANCE 

TEST 

Dry  Fuel 

Dry  Fuel 

Water 

Dolivofcd 

equivalent  evaporation 

PROM  ANQ  AT  2t20  F.,  POUNDS 

Boiler 

Efficloney 
of  Boiler, 

Baood 

on 

Fuel 

Draft 

Praooure 

la 

Superheat 

In 

NUMBER 

Fired 
per  Hour, 
Pound! 

Pound!  per 

Sq.  rt  of 
Onto 

to  Boiler, 
Pound! 
per  Hour 

Per 

Hour 

Per  Hour 
per  8q.7t 
of  Fire 
Heating  Sur. 

Hone 

Powor 

OAHU.ofE.) 

In 

Firebox 

BnnchPIpa, 
Poaadi 
parSq.  In. 

Branch 

Pipe 

DegreaaF. 

338 

339 

340 

344 

345 

347 

340 

360 

220 

230 

1200,400 

1867 

38, 

.16 

14850 

18237 

7,28 

9.82 

528.6 

70,05 

0.7 

1200,399 

2346 

48, 

.21 

17678 

21509 

8,59 

9.17 

623.4 

66.13 

0.8 

1200.401 

3469 

71,29 

23844 

29046 

11.59 

8,37 

841.9 

69.70 

1.3 

1200.404 

4893 

100, 

.56 

30625 

37273 

14.88 

7,62 

1080.4 

64,35 

2.0 

1200.410 

55S0 

113, 

,65 

33058 

40155 

16.05 

7.26 

1163.9 

51,79 

2.0 

1200.405 

183S 

37. 

.68 

14435 

17467 

6,97 

9,62 

506.0 

67.91 

0.6 

1200.406 

2S40 

48, 

,09 

17416 

21186 

8.46 

9,05 

614.1 

64,55 

0.8 

1200,407 

3274 

67, 

.28 

23467 

28643 

11.45 

8,75 

830.2 

62.41 

1.2 

1200.408 

5042 

103, 

.62 

31010 

37786 

15.08 

7,49 

1095.2 

53.45 

1.9 

1200.408 

16.80 

1147.4 

53^06 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

Dry  Steatn 
to 

laiilcaM 

Dry  Fuel 
per 

Dry  Steam 

P« 

C 0 [ 

Drawbar 

Dynamometer 

Dry  Fuel 
per 

Dry  Steam 
pw 

Machine 

Effidency 

Thermal 

Effidoncy 

Saolso 

NUMBER 

Engines, 

Horse 

Indicated 

Indicated 

in 

Pull, 

Drawbsr 

Oynamam. 

Dynamom. 

of 

of 

In 

Pounds 

porHour 

Pouter 

Horse 

Power  Hoar, 

Horse 

Power  Hour, 

Gases 

Pounds 

Horae 

Powor 

Hone 

Power  Hour, 

Horse 

Power  Hoar, 

Locomotivei 
Per  Cent. 

Lacomotivo, 
per  Cent,, 

Per  oont 

Paaads 

Poundt 

I 

Pounds 

(laaodonFunh 

214 

370 

360 

361 

286 

383 

384 

386 

398 

399 

1200.40C 

14306 

0 

14034 

481.4 

3.86 

29,72 

4.87 

12 

1200.399 

17400 

0 

18027 

645.6 

3.63 

26.94 

5.23 

12 

1200.401 

25466 

0.2 

24968 

856.5 

4.05 

27.40 

4.64 

12 

1200,404 

30254 

0 

20301 

1044.6 

4.68 

26.96 

4.02 

22 

1200.41C 

32658 

0.8 

21743 

1110.7 

4.94 

29,19 

3,80 

32 

1200.40f 

14220 

0 

14176 

486.3 

3.77 

29.24 

4.99 

14 

1200.40( 

17206 

0 

18497 

634.5 

3.69 

27.12 

5.09 

12 

1200 ,40T 

23170 

0.4 

26051 

859.3 

3,81 

26.96 

4.93 

16 

1200.404 

UQ0.4QS 

30635 

—32102. 

iiJ 

Lm 

mi 

1:8 

i8:il 

m 

$$ 

RESULTS  OF  TESTS  OF  SOLID  END  AND  STANDARD  GRATES. 
Jamison  Coal. 

Table  9. 


coordinate  paper.  J.  B.  We>B,  Hoboken,  N.  J.  BtGATiTt, 
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SMOKE,  AND  COAL  FIRED, 

The  solid  end  grates  make  a little  more  smoke  than  the  regular  form  of  grate.  Jamison  Coal. 

Fig.  f3. 


CO-ORDINATE  PAPER.  J B.  WEBB,  Hoboken,  N.  J.  megaTIVE, 
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SMOKE  AND  EVAPORATION. 

The  solid  end  grate  again  shows  more  smoke  than  the  standard  grate.  Jamison  CoaU 

Fig.  14. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

CO-ORDINATE  PAPER.  J B Ws»B.  HoPok«n.  N.  J.  NECATirt. 
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EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 
No  difference  can  be  found  between  the  two  grates.  Jamison  Coal. 

Fig.  15. 


^ ATE  PAPER  J R WiM  Hoboken.  N.  J.  ‘ «CAT<v*  3 
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COAL  PER  DYNAMOMETER  OR  DRAWBAR  HORSEPOWER,  AND  DYNAMOMETER 

HORSEPOWER. 

There  is  little  or  no  difference  between  the  two  grates.  Jamison  Coal. 

Fig.  16. 
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GRAPHICAL  LOG  OF  TEST. 

The  following  diagrams  show  the  boiler  pressure, 
speed,  drawbar  pull  and  weight  of  coal  and  water 
for  each  ten  minute  interval  of  the  lest.  A diagram 
is  drawn  for  each  test  and  is  on  file  witn  the  Test 
Plant  records.  A few  representative  diagrams  are 
shown  here. 
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M P.  Expenmenuil  D-1 

Pennsylvania  Railroad  Company 

PHILItOei.rHI*,  BALTIHOm  & WASnmOTOH  Rmliioao  Cowpamy 

Northehm  Central  Railway  Company 

West  Jersey  i.  Seashore  Rai^oao  Company 

Sheet  No  P--316  test  department  Bolletln  No. 

Graphical  Log  of  Locomotive  Test 

Orate  irea  Bedoeed  altoona.  pa.. 
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2 'O  20 
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30  40  SO  2 

Locomotive 

Type  4»r4.^ 

Class  *2a 

Number  5266 

S»««< 

Ir 

M»«< 

Mf 

Hssr 

1 

. Rsssliitlons 
per 

MIsuts 

Cut-off 

PsrCsnt., 

H.  P. 
Cylindsrs 

Throttle 

Opening 

Full 

PsrfisI 

Evtporstior 
Pousdt  of 
Witer  per 
Pound  of 
Cool 

Tes 

T No.  918 

lEt  no.  P^15 

88.S 
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30 

Poll 

5,43 
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Sheet  no.  P--317 

TEST  DEPARTMENT 

Bulletin  No  a 

Graphical  Log  of  Locomotive 

Test 

arata  iraa  Reduced. 

AiTooRA,  Pa  .4-10-1907 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


LOCOMOTIVE 

Type  4-4»«2 
Class  E2a 
Number  5266 


Speed 

Mdcs 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cyliodori 

Throttle 

Opening 

Foil 

Partial 

Evaporation 
Poundi  of 
Water  per 
Pound  of 

Coal 

37,78 

160 

25 

Pull 

6.62 
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Sheet  No,  P-318 


Orate  ifroa  Reduced, 


West  Jersey  a Scrshore  R«ilro*o  Cumprrv 

TEST  DEPARTMENT  Bullotlll  NO. 

Graphical  Log  op  Locomotive  Test 


Altoona,  Pa..  4»*11««1907 


SUPPER  FIGURES  R.  P.  M. 
LOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4-4-2 
Class  B2a 
Number  5266 


40  50  I lO  20  30  40  50  ^ 

LENGTH  OF  TEST MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hsur 

SevolutiSBs 

per 

Mlsuts 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 
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Fsll 

or 

Psrtlsl 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37.78 

160 

32 

Poll 

6.29 
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TEST  DEPARTMENT  Bwlletla 

Graphical  Log  of  Locomotive  Test 


No 


Orate  irea  Radaoed 


Altoona.  Pa..  1*^9—1907 


UPPER  FIGURES  R.  P.  Iv1  . 
L.OWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


locomotive 
Type  4-4-2 
Class  sZa 
Number 


20  30  AO  SO  I lO  20  30  40  50  ^ 

LENGTH  OF  test MINUTES  AND  HOURS 


20  30  40  50 


5266 


Speed 

Miles 

per 

Horn 

RevoluHpns 

per 

Wl.mlT 

Cui-sir 

Per  Cent., 

H.  P. 
CvV'Juri 

Tprottle 

Opening 

Full 

Parral 

Lvjpo.'ution 
Pounds  nf 
Water  per 
Pound  of 

Loni 

36*2 

160 

25 

Pull 

5.57 

T e ST  No.  944 
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Sheet  No.  P^20  test  department  Bulletin  No.  8 

Graphical  Log  of  Locomotive  Test 

Grate  Area  Reduced  altooma,  pa  . 1-31-07 
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I-IUPPER  FIGURES  R.  P.  M LENGTH  OF  TEST — MINUTES  AND  HOURS 

l_OWER  FIGURES  approx. 

SPEED  IN  MIL.es  PER  HOUR 

Locomotive 

Type  4-4-2 

Class  B2a 

Number  5266 

Spetxl 

in 

Mil«s 

per 

H0..r 

RevoluNons 

MIruIs 

Cut-off  r*™"'' 

For  Cost., 

cyii»«i.n  p;;„ 

EvaporstioA 
Poundi  of 
Witsr  psr 
Psuik)  of 

Coal 

Test  no.  946 

38.2 

160 

25  Pull 

7.04 

Sheet  No.  P^20 
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PMnAOXLPHiA,  BALriMam  & Wachihotoo  Railroad  coairant 
Nortmcrm  Ccmtiuu.  Ra  lwav  Coaaraiiv 
Wi»r  JtR«K  A SAAUion  Railroao  Comramt 


TEST  DEPARTMENT  BallStlS 

Graphical  Log  of  locomotive  Test 


NO. 


11 1 ini 
iiu^ 


8 


Locomotive 
Type  <^-^2 
Class  B2a 
Number  5286 


Speed 

H»ur 

ReralutiMii 

ixr 

MiRuti 

Cul-eir 

Per  Cent., 

H.  P. 
Cylinders 

Throttlf 

OpeniDK 

Full 

Partial 

Evaporation 
Pouadt  of 
Water  per 
Pound  of 

Coal 

38.20 

160 

32 

Fall 

6.62 

Sheet  No.  P-521 
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PHtLAOCLFHlA,  BALTUftOAC  A.  WASKIMOTON  ftAlLfl 

Noathcm  Ccntral  Railway  CoMfANv 
Wur  JtRSCY  A.  SCAtHOflC  Railroad  Com^amy 


13  • 1311 

«xi«K 


Sheet  No  P-S22 


TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 

(irate  Area  Reduced 


NO. 


Altoona,  Pa..  3-8-07 


UPPER  riGURES  R.  P.  M 
UOWER  FIGURES  APPROX. 
SPEED  )N  MILES  PER  HOUR 


L OCOMCrWE 
Type  4-4-2 
Class  E2a 
NuMsen  6266 


20  30  40  so  ^ 10  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Spevd 

Mil«s 

per 

Hour 

Revolutions 

per 

Minute 

Cul-off 

Per  Cent., 

H P. 
Cylinders 

Throttle 

Oponirc; 

full 

or 

Part'ol 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

38.0 

160 

25 

Pull 

7,23 

Test  No.  952 


Sheet  No.  P-322 
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U » mi 
sxUH 


PmiKOCIMI*.  BALrMom  A Wa«HHWT(»<  R«il>kmo 
NORTHCIW  CcNruL  Railwat  CoarANT 
WUT  JIRUr  A StASHOM  Railaoa/j  Cumaa 


Sheet  No  P-SSS 


TEST  DEPARTMENT  Bullotln 

Graphical  Log  of  Locomotive  Test 


NO. 


Orate  Area  Bednced 


Altoona,  Pa  , 3-9—07 


UPPER 

LOWER 

SPEED 


FIGURES 
FIGURES  . 
IN  MILES 


30  40  30  I lO  20  30  40  50  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Locomotive 
Type  4-4-2 
Class  E2a 
Number  5266 


Sprfd 

M'ies 

per 

Hour 

RevftlutiiHi» 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

FuM 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

38,0 

160 

32 

Pttll 

6,33 

Test  No.  953 


Sheet  No.  Pw323 
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u t mi 
s*foB 


Sheet  No.  Ikj(25 


Wnr  Jkrmt  A Sia«mom  RAtuwAO  Comtaat 

TEST  DEPARTMENT 

Graphicau  Log  of  Locomotive  Test 


Bolletln 


No. 


aratea  with  Solid  liinds 


Altoona.  pa..12-22— 1909 


SUPPER  FIGURES  R.  P.  M 
UOWER  FIGUR  es  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  2-«-0 
Class  Hgt 
Number  2860 


30  AO  50  I 

LENGTH  OF  TEST — MINUTES 


2 

AND  HOURS 


Speed 

fliles 

per 

Hour 

Revolutions 

p«r 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Openipp 

Full 

P»rt'»l 

Evoporatiop 
Pounds  ciT 
Water  pe 

Founj^  o£ 

Coal 

i2*8e 

80 

40 

7.10 

Test  No. 1200*407 
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SELF-CLEANING  FRONT  END 


Copyright,  1912,  by  Pennsylvania  Railroad  Company 


1912 


THE  E3a  CLASS  ATLANTIC  TYPE  LOCOMOTIVE. 
The  type  of  locomotive  used  in  the  Front  End  tests. 


(4) 
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SELF-CLEANING  FRONT  END  FOR  E CLASS 
LOCOMOTIVE. 

The  development  of  a Self-Cleaning  Front  End  for  the  E Class 
or  Atlantic  Type  Locomotive. 


Conclusions  and  Recommendations  on  page  52. 


INTRODUCTION. 

1.  In  this  bulletin  is  described  the  development  of  a self- 
cleaning front  end  for  our  Atlantic  Type  locomotive,  and  a 
comparison  is  made  of  some  forms  of  front  ends  on  our  Con- 
solidation locomotives.  The  results  of  the  experiments  lead 
us  to  believe  that  satisfactory  self-cleaning  front  end  arrange- 
ments have  been  found  which  will  increase  the  capacity  of 
these  locomotives  for  sustained  runs  without  decreasing  their 
efficiency. 

2.  Our  locomotive  smokeboxes  retain  a large  part  of  the 
cinders  entering  them  from  the  tubes,  and  provision  is  made 
for  cleaning  them  at  terminals  or  at  coaling  points  on  the 
division.  This  regular  cleaning  out  of  the  accumulated  cin- 
ders is  an  expensive  and  troublesome  operation,  but  a greater 
objection  to  the  retention  of  cinders  in  the  smokebox,  is  the 
fact  that  they  fill  the  passage  through  which  the  gases  are 
drawn,  and  interfere  with  the  draft.  Eventually,  in  many 
cases,  the  passages  are  so  closed  up  that  the  locomotive 
fails  entirely. 

3.  It  has  seemed  desirable  to  remove  these  conditions, 
which  limit  the  steaming  of  the  locomotive,  and  various 
devices  have  been  tried,  the  object  of  which  is  to  cause  all  of 
the  cinders  to  be  discharged  from  the  stack.  The  method  of 
producing  this  self-cleaning  effect,  is  to  create,  in  the  smoke- 
box,  a restricted  opening,  through  which  the  cinders  are  drawn 
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in  a rapidly  moving  stream  of  gases.  If  the  passages  in  the 
smokebox  are  large,  the  flow  of  gases  is  too  slow 'to  carry 
along  the  cinders. 

4.  At  the  same  time  that  the  narrow  passage  is  provided, 
the  other  parts  in  the  smokebox  must  be  adjusted  so  that  the 
whole  internal  arrangement  of  the  smokebox  will  act  as  a 
unit  in  creating  sufflcient  draft  upon  the  fire  and  in  discharg- 
ing the  cinders. 

5.  This  bulletin  describes  a series  of  experiments  with 
locomotives  of  the  E class,  or  Atlantic  Type,  and  H6b  class 
or  consolidation  type  in  developing  smokebox  arrangements 
that  would  be  self-cleaning,  and  at  the  same  time  give  good 
results  in  steaming. 

6.  Satisfactory  results  were  finally  attained  for  the  E class 
with  an  arrangement  as  shown  in  Fig.  19  and  for  the  H6b 
class  in  Fig.  25.  The  development  of  the  E class  front  end 
will  be  the  first  described. 


Description  of  Standard  Front  End. 

7.  The  front  end  or  smokebox  arrangement  now  in  use  on 
a large  number  of  our  Atlantic  Type  passenger  locomotives 
of  the  E class,  is  shown  in  Fig.  2.  The  outside  stack  is  16 
inches  in  diameter  at  the  base  and  has  a taper  of  one  inch 
diameter  per  foot  of  height.  The  inside  stack  is  not  tapered. 
The  diaphragm  plate  is  perforated  and  has  an  adjustable 
plate  on  the  lower  edge,  a netting  covering  the  perforations. 

8.  This  arrangement  will  be  referred  to  in  the  report  as 
the  standard  front  end. 

9.  A large  number  of  tests  of  various  kinds  have  been 
made,  on  the  Testing  Plant,  with  class  E2a  locomotive  5266 
equipped  with  this  standard  front  end,  and  while  it  has  been 
found  to  be  a very  good  arrangement,  when  it  is  frequently 
cleaned,  so  far  as  the  steaming  of  the  locomotive  is  concerned. 
It  is  not  self-cleaning,  and  with  friable  coals,  the  accu- 
mulation of  cinders  in  the  front  end  may  be  as  much  as  1000 
pounds  per  hour — a quantity  that  seriously  interferes  with  the 
draft  and  necessitates  cleaning  of  the  front  end  at  the  end  of 
an  hour’s  run.  With  gas  coals,  the  accumulation  of  cinders 


9 


is  not  so  serious  a matter,  but  even  with  these  coals  300 
pounds  per  hour  or  more  may  be  collected  and  the  smokebox 
must  be  cleaned  at  the  end  of  each  trip,  where  the  locomotive 


Fig.  2. 

Standard  front  end  arrangement  E2a  class  locomotive.  This  form  is  not  self-cleaning.  A 
cinder  trap  is  used  with  it.  The  diaphragm  plate  has  76  holes  in.  diameter  and  75  holes  % in. 
diameter,  its  tower  edge  is  adjustable.  The  part  extending  forward  across  the  nozzle  is  made  up 
of  netting. 


is  working  up  to  its  capacity,  and  burned  front  ends  result  if 
there  is  any  air  leakage  after  cinders  have  collected. 


Master  Mechanics"  Association  Front  End. 

10.  A committee,  appointed  by  the  American  Railway 
Master  Mechanics"  Association,  reported  upon  a series  of 
front  end  tests  that  were  made  at  Purdue  University,  with  a 
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New  York  Central  & Hudson  River  Railroad  locomotive  of 
the  4-4-2,  or  Atlantic  Type  (See  Proceedings,  American  Rail- 
way Master  Mechanics’  Association,  Volume  XXXIX,  1906). 
Conclusions  from  these  tests  for  a front  end  arrangement  for 
best  results,  are  given  in  the  report  as  follows : 

“A  suggestion  as  to  a standard  front  end  is  presented  as  Fig. 
1,  which,  with  the  following  equations  referring  thereto,  may  be 
accepted  as  a summary  of  conclusions  to  be  drawn  from  all  experi- 
ments made. 

“For  best  results  make  H and  h as  great  as  practicable.  Also 
make 


d = 0.21  D 4-  0.16  h. 
b = 2d  or  0.5  D. 

P = 0.32  D. 
p = 0.22  D. 

L = (Not  well  established)  = 0.6  D or  0.9  D but  not 
of  intermediate  values.” 

11.  These  rules  were  used  as  the  basis  of  a design  of  front 
end  arrangement  to  be  tried.  No  attempt  was  made,  however, 
to  have  the  lengths  of  the  smokebox  conform  to  those 
recommended,  which  could  make  it  either  63  inches  or  42 
inches  in  length  instead  of  the  present  83f  inches  for  the  E 
class  locomotive. 

12.  In  Fig.  1 the  proportions  of  the  front  ends  as  finally 
developed,  and  which  gave  the  best  results  on  our  locomotives, 
are  shown  in  connection  with  the  Master  Mechanics’  re- 
commendations, for  a best  arrangement. 

13.  Our  arrangements  do  not  conform  very  closely  to  the 
Master  Mechanics.  One  diflference  is  in  the  length  of  inside 
stack  (P).  This  length  had  to  be  increased  in  order  to  lift 
the  cinders  from  the  table  plate  or  diaphragm.  The  longer 
inside  stack,  limits  the  diameter  of  bell  (b),  on  account  of  the 
smaller  space  available  near  the  top  of  the  exhaust  nozzle. 
The  bell  should  not  be  circular,  but  should  be  extended  on 
the  sides  to  more  completely  cover  the  horizontal  part  of  the 
plate.  In  these  experiments,  however,  the  bell  was  circular. 
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Fig.  1. 

Diagram  of  front  end  arrangement  giving  best  results  as  shown  in  report  of  Master  Mechanics’ 
Association  tests. 
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The  Locomotive  on  Which  the  Tests  Were  Made. 

14.  An  E2a  class  locomotive  5266,  was  used  for  most  of 
the  front  end  trials  but  later  some  of  the  devices  were  applied 
to  E3a  class  locomotive  2984.  An  outline  drawing  of  these 
classes  is  shown  in  Fig.  3 and  the  principal  dimensions  of  the 
locomotives  are  given  in  Tables  3 and  7.  The  E3a  locomotive 
differs  from  the  E2a  in  diameter  of  cylinder  only. 

Draft  and  Back  Pressure. 

15.  In  the  tests  made  by  the  Master  Mechanics’  Commit- 
tee, oil  was  used  for  fuel  and  by  its  use  the  admission  of  air 
to  the  firebox  could  be  completely  controlled.  With  oil  firing, 
the  effectiveness  of  any  arrangement  could  be  derived  from 
the  draft  indications ; the  draft  in  the  smokebox  at  any  fixed 
back  pressure  being  dependent  only  upon  the  smokebox 
arrangement. 

16.  As  our  problem  was  to  devise  an  arrangement  that 
would  clear  the  smokebox  of  cinders,  the  use  of  oil  for  fuel 
could  not  be  considered,  and  with  coal  it  was  found  impossible 
to  duplicate  draft  readings  under  apparently  similar  conditions 
of  running. 

17.  By  means  of  a steam  engine  indicator  connected  to 
the  exhaust  pipe,  a few  inches  below  the  nozzle,  the  back 
pressure  was  observed,  and  by  running  the  locomotive  under 
gradually  increasing  loads,  a series  of  readings  of  the  back 
pressure  and  corresponding  draft  or  vacuum  in  the  smokebox 
was  obtained.  These  readings  are  plotted  in  Fig.  4,  showing 
results  for  a light  or  thin  fire  on  the  grate.  Fig.  5 shows  a 
series  of  readings  under  similar  conditions  but  with  a heavy 
fire  on  the  grate.  A comparison  of  these  diagrams  indicates 
very  clearly  that  the  draft  is  so  closely  dependent  upon  the 
thickness  of  the  fire  that  it  cannot  be  used  as  a basis  of  com- 
parison for  different  front  end  arrangements  when  firing  coal. 

18.  In  Fig.  6 the  same  readings  of  draft  are  shown  in 
relation  to  the  draft  in  front  of  the  diaphragm.  Here  again 
the  differences  in  draft  conditions  due  to  thickness  of  the  fire 
are  evident. 


13 


Fig.  3. 

GENERAL  ARRANGEMENT  OF  E2a  AND  E3a  CLASS  LOCOMOTIVE. 
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LEADING  DIMENSIONS  OF  LOCOMOTIVE 
(E2a  CLASS) 


Total  weight  in  working  order,  pounds 184,167 

Weight  on  drivers,  in  working  order,  pounds 110,000 

Cylinder  (simple)  size,  inches 20J  x 26 

Diameter  of  driving  wheels,  inches 80 

Firebox  heating  surface,  square  feet 156.86 

Heating  surface  of  tubes  (water  side),  square  feet 2,471.04 

Total  heating  surface  (based  on  water  side  tubes), 

square  feet 2,627.90 

Total  heating  surface  (based  on  fire  side  tubes),  square 

feet 2,319.26 

Grate  area,  square  feet 55.5 

Roiler  pressure,  pounds  per  square  inch 205 

Valves,  type Wilson  double  ported,  slide 

Valve  gear Stephenson 

Firebox  type Wide,  Belpaire 

Number  of  tubes 315 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 180 
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Fig.  4. 

The  draft  in  the  smokebox  and  firebox  with  a thin  or  light  fire. 
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19.  With  a light  fire  the  loss  in  draft  between  the  two 
sides  of  the  diaphragm  and  between  the  front  of  diaphragm 
and  the  firebox  decreases  uniformly  as  the  intensity  of  the 
draft  increases. 

20.  With  a thick  fire  the  losses  first  increase  to  a max- 
imum at  about  five  inches  of  draft  and  then  decrease  with 
higher  draft. 

21.  In  estimating  the  comparative  merits  of  the  different 
devices  tried,  it  then  became  necessary  to  take  account  of  a 
number  of  factors,  as : 

The  weight  of  cinders  collected  in  the  smokebox. 

The  quantity  of  water  that  could  be  evaporated  as  com- 
pared with  the  standard  front  end. 

The  evaporation  per  pound  of  coal,  or  the  efficiency  of 
the  boiler. 

The  general  steaming  of  the  locomotive  as  shown  by  the 
boiler  pressure  during  a test. 

22.  These  methods,  although  logical,  may  appear  to  be 
indefinite  and  unscientific.  There  is  at  present  no  rational 
method  for  smokebox  design  and  until  much  more  careful 
investigations  are  made,  comparisons  of  different  smokebox 
arrangements  cannot  be  based  upon  anything  but  very  general 
considerations. 

23.  It  would  have  added  greatly  to  the  value  of  the  tests 
if  the  weight  of  sparks  discharged  could  have  been  measured. 
At  the  time  of  the  tests,  however,  apparatus  for  this  purpose 
had*  not  been  perfected,  and  the  cinders  remaining  in  the 
smokebox  were  all  that  could  be  weighed. 

24.  From  tests  made  with  the  standard  front  end  it  was 
known  that  the  boiler  could  be  expected  to  give  an  equivalent 
evaporation  of  about  16  pounds  of  water  per  square  foot  of 
heating  surface,  with  Scalp  Level  coal,  and  18  pounds  with 
Penn  Gas  coal.  To  obtain  the  lower  evaporation,  a speed  of 
160  revolutions  per  minute  and  a cut-off  of  27  per  cent,  was 
required  with  locomotive  5266  with  fully  open  throttle,  and 
for  the  higher  evaporation  of  18  pounds,  160  revolutions  and 
32  per  cent,  cut-off  with  full  throttle. 
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Fig.  6. 

The  draft  in  the  smokebox  and  firebox  with  a thick  or  heavy  fire.  The  draft  is  nearly  two  times 
what  it  was  with  a thin  fire. 
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25.  If  the  results  with  the  standard  front  end  could  be 
equalled  with  a self-cleaning  device  the  object  of  the  tests 
would  be  accomplished,  as,  with  the  added  advantage  of  a self- 
cleaning front,  which  would  permit  the  use  of  friable  coal,  the 
capacity  of  the  locomotive  would  not  be  reduced. 

26.  The  tests  were  made  with  both  Scalp  Level  and 
screened  Penn  Gas  coals.  The  Scalp  Level  coal  was  used  for 
the  preliminary  runs,  as  with  it  large  quantities  of  cinders  are 
drawn  through  the  tubes  and  the  self-cleaning  feature  could 
be  better  observed  than  with  a coal  making  less  cinders. 

27.  The  final  series  of  tests  was  made  with  Penn  Gas  coal 
as  it  is  one  of  the  regular  passenger  coals,  while  Scalp  Level 
is  not. 

28.  The  same  fireman  fired  all  of  the  tests  on  locomotive 
5266,  with  one  exception,  which  will  be  noted  later. 


The  Tests. 

The  Effect  of  a Movement  of  the  Diaphragm  Edge  with  the 
Standard  Front  End. 

29.  Before  any  changes  were  made  in  the  standard  front 
end.  Fig.  2,  some  trials  were  made  to  note  the  effect  on  the 
fire  of  a movement  of  the  lower  edge  of  the  diaphragm  plate. 
The  normal  position  of  this  edge  for  locomotive  5266  is  as 
shown,  21i  inches  above  the  bottom  of  the  smokebox.  The 
plate  was  lowered  5J  inches  from  this  normal  position  and 
after  a short  trial  run  it  was  raised  5J  inches  above  the  nor- 
mal position  and  a trial  made. 

30.  These  changes  in  the  position  of  the  diaphragm  plate 
over  a range  of  lOf  inches,  produced  no  marked  effect  upon 
the  burning  of  the  fire.  It  burned  evenly  over  the  whole 
grate  under  each  adjustment  of  the  diaphragm,  and  the  loco- 
motive steamed  as  freely  with  the  plate  in  either  the  upper 
or  the  lower  positions  as  it  did  under  normal  conditions. 

31.  The  fact  that  the  diaphragm  is  perforated  may  ac- 
count for  the  lack  of  sensitiveness  or  marked  effect  upon  the 
fire  when  the  plate  is  given  a new  position. 
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Fig.  6. 

Draft  losses  at  different  rates  of  combustion  with  a thick  and  a thin  fire.  The  loss  in  draft  in- 
creases to  a maximum,  and  then  decreases  with  a thick  fire.  With  the  thin  fire  the  losses  become  less 
as  the  draft  Is  increased. 
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Fig.  7. 

A comparison  of  draft  and  evaporation  for  the  best  arrangement  on  the  E class  and  the  H6b 
class.  The  rates  of  evaporation  for  the  two  classes  are  very  nearly  alike. 
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Preliminary  Tests. 

32.  The  trials  of  front  end  made  by  the  Master  Mechanics’ 
Committee  did  not  determine  the  arrangement  of  the  di- 
aphragm plate  to  make  the  smokebox  self-cleaning,  and  the 
first  consideration  in  these  tests  was  to  investigate  the  shape 
of  the  diaphragm  and  its  location  in  the  smokebox  for  this 
purpose. 

33.  A diaphragm  of  the  general  type  recommended  by 
the  Committee  as  applied  to  this  locomotive  is  shown  in  Fig. 
8.  The  whole  diaphragm  plate  was  without  perforation,  and, 
as  first  applied,  extended  beyond  the  centre  line  of  the  nozzle 
a distance  of  16J  inches.  At  its  end  there  was  an  angle  and  a 
plate  inches  wide,  extending  downward  to  a point  13J 
inches  above  the  bottom  of  the  smokebox.  The  netting  was 
omitted  for  these  preliminary  trials. 

34.  With  the  arrangement  as  described  above  and  as  shown 
in  Fig.  8 a test  was  made.  No.  900.25,  using  Scalp  Level  coal 
and  working  the  boiler  at  about  the  limit  of  its  capacity  to 
maintain  a good  pressure.  The  arrangement  was  found  to  be 
perfectly  self-cleaning,  there  being  no  cinders  at  all  left  in  the 
bottom  of  the  smokebox. 

35.  An  inside  stack,  according  to  the  Master  Mechanics’ 
recommendations,  was  then  applied  as  shown  in  Fig.  9,  and 
without  other  changes,  a test.  No.  900.26,  was  made  at  the 
same  speed  and  cut-ofiF  as  before. 

36.  The  exhaust  nozzle  was  then  changed  from  5f  inches 
diameter  to  5f  inches  diameter,  but  after  a few  minutes  of 
running,  with  this  large  nozzle  it  was  evident,  on  account  of 
the  falling  pressure,  that  the  nozzle  was  too  large  to  give 
sufficient  draft. 

37.  The  nozzle  was  then  reduced  to  5|  inches  diameter, 
and  without  other  changes  a test  was  made  at  a lower  rate  of 
evaporation  than  the  earlier  tests. 

38.  This  arrangement.  Fig.  9,  was  found  to  steam  fairly 
well  and  to  be  perfectly  self-cleaning. 

39.  The  smokebox  was  then  fitted  with  a stack  that  was 
exactly  according  to  the  Master  Mechanics’  recommendations. 
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In  tests  Nos.  900.26,  900.27  and  900.28  the  inside  stack  only 
had  conformed  to  these  recommendations.  With  this  Master 
Mechanics’  stack,  which  is  shown  in  Fig.  10,  tests  with  5J- 
inch  and  5|^-inch  exhaust  nozzle  were  made,  tests  Nos.  900.29, 
900.30  and  900.31.  In  these  tests  it  was  observed  that  while 
the  cinders  were  all  blown  out  of  the  front  end  there  appeared 
to  be  a higher  velocity  of  the  gases  through  the  restricted 
passage  under  the  edge  of  the  diaphragm,  than  would  be  nec- 
essary for  this  purpose,  or  there  was  a large  difference 
between  the  draft  front  and  back  of  the  diaphragm,  indicating 
that  too  great  a resistance  to  the  passage  of  the  gases  was 
caused  by  the  length  of  the  diaphragm  plate. 

40.  The  plate  was  then  cut  off  until  it  extended  but  7i 
inches  in  front  of  the  exhaust  nozzle  centre. 

41.  Tests  Nos.  900.32,  900.33  and  900.34  were  then  run 
and  in  the  table  below  the  resulting  draft  readings  are  given. 

Table  1. 


Draft  in  Front  End — Scalp  Level  Coal. 


Test 

No. 
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i Designation 

§ 

Draft  in 
Smokebox 
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Ji  o 
o 

M.  P.  H. 

Cut-off 

Throttle 

C3 

o 

hi 

Front  of 
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Back  of 
Diaphragm 
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and  B in 

® 

• « z 
© 
s 

o8 

Q 

Back  Pres! 
haust  Pipe, 
Square  inch 

Cinders  C 
Smokebox, 
Hour. 

1 

! 

1 

i 

F 

B 

900.25 

37.65 

27 

Full 

Fig.  8 

4.9 

3.2 

34.7 

81 

4.6 

0 

900.26 

37.65 

27 

Full 

Fig.  6 

4.8 

3.3 

37.5 

4.9 

0 

900.30 

37.65 

27 

Full 

Fig.  10 

5.3 

3.7 

30.1 

3.4 

0 

900.31 

37.65 

27 

Full 

Fig.  10 

4.8 

3.4 

29.1 

2.4 

0 

900.32 

37.65 

27 

Full 

Fig.  10 

5.2 

4.3 

17.3 

4/6 

48 

900.34 

37.65 

27 

Full 

Fig.  10 

5.0 

4.3 

16.0 

No  record 

No  record 

917 

37.65 

27 

Full 

Fig.  2i 

7.7 

6.2 

19.5 

55/^ 

No  record 

492 

Tests  900.30  and  900.31  had  the  table  plate  extended  16%  in.  ahead  of  the  exhaust  nozzle 
centre,  while  900.32  and  900.34  had  the  plate  7%  in.  ahead  of  the  nozzle. 


42.  While,  in  general,  as  has  been  explained,  the  draft 
indications  can  not  be  depended  upon  as  comparative,  it 
appears  from  these  figures  that  when  the  diaphragm  plate 
was  shortened,  just  before  test  No.  900.32,  that  there  was  a 
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marked  decrease  in  the  difference  between  the  draft  front  and 
back  of  the  diaphragm,  and  that  the  effective  draft,  or  the 
draft  back  of  the  diaphragm  was  increased. 

43.  Test  No.  917  was  with  the  same  kind  of  coal  as  the 
others  (Scalp  Level),  but  with  the  old  form  or  standard  front 
end.  Fig.  2. 
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In  this  arrangement  the  diaphragm  plate  extends  across  the  nozzle,  and  16^  inches  ahead  of  it. 
After  one  test  the  plate  was  shortened  to  inches  ahead  of  the  nozzle. 
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44.  In  test  No.  900.32  there  were  48  pounds  of  cinders  in 
the  smokebox,  indicating  that  the  plate  was  now  as  short  as 
it  could  be  made  for  self-cleaning. 


diameters  of  nozzle  were  used. 


45.  The  smokebox  arrangement  was  then  made  as  shown 
in  Fig.  8,  the  standard  outside  and  inside  stack  being  substi- 
tuted for  the  Master  Mechanics’  form.  A netting  was  put  in 
with  this  arrangement. 
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46.  Up  to  this  time  the  netting  had  been  omitted  so  as  to 
simplify  operations  in  making  changes  in  the  front  end 
arrangement.  It  was  assumed  that  the  netting  would  have 
no  effect  upon  the  action  of  the  front  end,  except  to  break  up 
the  large  sparks,  and  this  was  confirmed  later  when  the  net- 
ting was  applied. 


Fig.  10. 

This  shows  the  Master  Mechanics’  stack  complete, 
of  nozzle  were  used. 


Two  lengths  of  diaphragm  and  two  diameters 


47.  After  making  two  tests,  Nos.  900.36  and  900.37,  with 
this  arrangement  the  diaphragm  plate  was  raised  in  the 


26 


smokebox  as  shown  in  Fig.  11,  the  exhaust  nozzle  being 
lengthened  to  suit  the  new  height  of  diaphragm.  At  the 
front  edge  the  plate  measured  20J  inches  above  the  bottom  of 
the  smokebox.  With  the  diaphragm  in  this  position  the  loco- 
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motive  steamed  well — test  No.  900.38 — but  there  were  225 
pounds  of  cinders  collected  in  the  smokebox  per  hour. 

48.  Without  moving  the  main  diaphragm  plate,  an 
inclined  plate  was  fitted  to  its  forward  edge.  This  plate  extended 
down  to  a point  15|  inches  above  the  bottom  of  the  smokebox. 
The  area  of  opening  for  the  passage  of  gases  was  then  about 
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the  same  as  in  the  arrangement  shown  in  Fig.  8 and  it  was 
expected  that  the  results  would  be  the  same  as  with  the  whole 
diaphragm  in  the  lower  position,  but  from  the  test,  No.  900.39, 
with  this  design  it  is  evident  that  the  two  arrangements, 
while  giving  the  same  area  for  the  passage  of  gases,  are  by 
no  means  alike,  as  in  test  No.  900.39,  the  locomotive  did  not 
steam  well  and  there  were  76  pounds  of  cinders  collected  in 
the  smokebox. 

49.  It  would  appear,  then,  that  when  changes  are  made  in 
the  height  of  diaphragm  the  whole  plate  should  be  raised  and 
not  the  forward  edge  alone. 

50.  The  plate  without  the  movable  deflector,  presents,  for 
the  flow  of  gases,  a passage  free  from  obstructions  or  abrupt 
changes  of  form,  and  it  is  probable  that  this  will  account  for 
the  better  results  had  with  it  than  with  the  plate  set  high  in 
the  smokebox  but  having  the  movable  edge  plate. 

51.  Following  still  further  the  idea  of  making  a smooth 
and  direct  passage  for  the  gases  to  the  stack,  the  arrangement 
shown  in  Fig.  12  was  applied.  This  consists  of  a conical  pipe 
from  the  tube  sheet  carried  forward  and  turning  upward  and 
connecting  at  its  smaller  end  directly  to  the  stack. 

52.  The  exhaust  nozzle  for  this  arrangement  was  made 
with  a flared  tip  so  that  it  would  act  as  an  expanding  nozzle 
to  convert  the  pressure  energy  of  the  steam  into  velocity, 
without  loss,  in  that  way  obtaining  an  efficient  exhaust  jet. 

53.  Test  No.  900.40  was  made  with  this  apparatus.  It 
was  very  effective  in  discharging  cinders,  but  the  nozzle  was 
found  to  be  too  large  to  make  the  locomotive  steam.  The 
sparks  discharged  from  the  stack  were  at  a red  heat  and  to 
break  up  these,  and  reduce  their  temperature,  a netting  was 
put  in  the  pipe  back  of  the  exhaust  nozzle  and  the  nozzle 
reduced  in  diameter.  The  netting  could  not  be  very  large  in 
area  on  account  of  the  limited  space,  and  it  was  found  that 
the  area  of  the  openings  through  it  was  too  small  for  prac- 
tical purposes. 

54.  Nothing  further  was  done  with  this  arrangement  as 
it  was  not  considered  of  value  if  a netting  could  not  be  used 
in  it. 

55.  A diverging  or  flared  tip  nozzle  was  again  tried  with 
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the  arrangement  shown  in  Fig.  13.  The  smallest  diameter  of  this 
nozzle  was  5f  inches,  with  a taper  to  the  top  of  about  one  in 
six.  The  locomotive  did  not  steam  well  with  this  nozzle, 
though  the  back  pressure  below  the  nozzle  was  reduced, 
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Fig.  12. 

This  is  a tapered  connection  between  the  tubes  and  stack.  It  did  not  give  satisfactory  results. 

test  900.47.  With  the  straight  nozzle,  the  back  pressure  was 
five  pounds  per  square  inch  while  with  the  tapered  nozzle  it  was 
two  pounds. 

56.  To  make  the  locomotive  steam  it  would  have  been 
necessary  to  further  reduce  the  nozzle  diameter,  but  as  it  was 
then  as  small  as  the  straight  nozzle  it  was  not  reduced  and  no 
further  trials  of  it  were  made. 
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Final  Tests. 

57.  After  the  preliminary  trials  of  the  various  devices 
that  have  been  described,  three  of  those  which  were  of 
greatest  promise  were  selected  for  further  tests.  These 
arrangements  are  shown  in  Figs.  14,  15  and  16. 
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Fig.  13. 

An  expanding  nozzle  and  the  Master  Mechanics’  inside  stack. 


58.  Fig.  14  shows  the  front  end  recommended  by  the 
Master  Mechanics’  Association  as  applied  to  the  E class  loco- 
motive. It  has  a tapered  stack  with  a wide-mouthed  inside 
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stack.  The  diaphragm  plate  is  without  perforations  and  is 
carried  down  and  forward  to  a point  inches  in  front  of  the 
exhaust  nozzle  centre.  The  edge  of  the  plate  is  at  a point 
Idf  inches  above  the  bottom  of  the  smokebox  and  the  area 
of  the  passage  for  the  gases  at  this  restricted  point  is  three- 
fourths  of  the  area  of  the  tube  opening  or  fire  area. 

59.  The  tests  with  these  three  arrangements  were  each 
of  two  hours  duration  at  160  revolutions  per  minute,  or  about 
36  miles  per  hour.  Tests  Nos.  900.41  to  900.44  were  run  at 
the  same  cut-of¥  with  full  throttle.  Penn  Gas  coal  was  used 
for  all. 

60.  The  results  of  these  tests  are  given  in  the  Tables  6 
and  8. 

61.  Good  results  were  obtained  with  each  of  these 
arrangements.  They  were  all  perfectly  self-cleaning  except 
for  a slight  accumulation  of  cinders  on  the  horizontal  plate  of 
the  diaphragm. 

62.  There  was  some  difficulty  in  keeping  up  the  steam 
with  the  arrangement  Fig.  14,  test  No.  900.41,  but  it  will  be 
noted  that  the  boiler  horse-power  in  this  test  was  higher  than 
for  the  others. 

63.  Test  No.  900.44,  with  arrangement  Fig.  16,  shows  a 
better  evaporation  per  pound  of  coal  than  any  of  the  others 
and  it  was  thought^  all  things  considered,  that  this  was  the 
best  arrangement. 

64.  Another  test  was  then  run  with  it  to  develop  the 
maximum  boiler  capacity, — test  No.  900.45  at  160  revolutions 
and  32  per  cent,  nominal  cut-off,  and  this  test  was  run  without 
difficulty.  This  is  as  late  a cut-off  as  can  be  run  with  the 
standard  front  end  at  this  speed,  and  as  with  the  arrange- 
ment, Fig.  16,  the  nozzle  was  ^ inch  larger  in  diameter  than 
was  used  with  the  standard  arrangement,  it  is  to  be  presumed 
that  the  boiler  capacity  is  as  great  with  this  self-cleaning  front  as 
with  the  standard,  with  the  added  advantage  of  slightly  decreased 
back  pressure  in  the  cylinders  due  to  the  large  nozzle. 

65.  After  the  maximum  capacity  test  a trial  was  made  at  a 
very  low  rate  of  working,  under  partial  throttle,  to  note  the 
effect  of  such  conditions  on  the  quantity  of  cinders  collected  in 
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the  smokebox.  This  test,  No.  900.46,  at  a speed  of  160  revolu- 
tions, 27  per  cent,  cut-off  and  the  steam  throttled  to  one-half  the 
boiler  pressure,  shows  practically  no  cinders  collected  in  the 
smokebox. 

Tests  with  Different  Firemen. 

66.  To  show  that  the  results  obtained  with  this  self-cleaning 
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Fig.  14. 

The  Master  Mechanics’ stack.  The  length  of  front  end  does  not  conform  to  the  Master  Me- 
chanics' recommendations. 


front  were  not  due  to  good  firing  alone,  tests  Nos.  900.42  and 
900.43  with  the  arrangement  shown  in  Fig.  15  were  made  under 
precisely  the  same  conditions,  with  the  exception  that  test  No. 
900.42  was  fired  by  the  regular  Testing  Plant  fireman,  while  No. 
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900.43  was  fired  by  an  inexperienced  man  who  had  been  firing  but 
two  months  and  had  never  fired  this  class  of  locomotive. 

67.  The  results  of  these  tests  show  that  the  good  steaming 
of  the  locomotive  with  this  self-cleaning  front  can  be  obtained  by 
the  average  fireman,  but  they  also  show  that  the  inexperienced 
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Fig.  15. 

The  Master  Mechanics’  inside  stack  and  standard  outside  stack. 


man  may  use  as  much  as  750  pounds  of  coal  per  hour  over  the 
amount  actually  required. 

Self-Cleaning  Front  E3a  Class. 

68.  At  this  point,  after  tests  which  indicated  that  for  loco- 
motive 5266,  E2a  class,  the  self-cleaning  front.  Fig.  16  would  give 
the  best  results,  it  was  thought  best  to  determine  if  this  arrange- 
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ment  would  give  equally  good  results  if  applied  to  another  boiler 
of  the  same  class.  Locomotive  5266,  class  E2a  was,  therefore, 
removed  from  the  plant  and  put  into  road  service  equipped  with 
arrangement  Fig.  16  and  E3a  locomotive  2984,  fitted  with  the 
same  arrangement,  was  placed  on  the  plant. 
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69.  Test  No.  1001  with  locomotive  2984  gave  an  evaporation 
(17.7  pounds  per  square  foot  of  heating  surface)  that  was  practi- 
cally the  same  as  obtained  with  locomotive  5266,  namely:  17.9 
pounds  equivalent  evaporation  per  square  foot  of  heating  surface 
per  hour.  The  locomotive  steamed  freely,  maintaining  a fairly 
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uniform  boiler  pressure  and  there  were  no  cinders  in  the  smoke- 
box  except  a small  quantity  on  the  horizontal  plate  of  the 
diaphragm. 

70.  This  test,  No.  1001,  did  not  appear  to  be  quite  up  to  the 
limit  of  boiler  capacity,  and  had  it  been  possible,  the  cut-off  would 
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have  been  extended,  but  it  was  found  for  this  locomotive  that  the 
friction  brakes  were  working  up  to  their  limit  and  no  more  power 
could  be  absorbed  by  them. 

71.  Another  test.  No.  1003,  was  then  made  with  this  arrange- 
ment at  slightly  lower  power. 

72.  From  these  two  tests,  though  they  were  not  quite  up  to 
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the  maximum  evaporation  of  the  other  locomotive,  one  of  them 
was  but  two-tenths  of  a pound  less  per  hour  and  it  is  clear  that 
this  boiler  will  give  the  same  results  as  the  other  with  this  front 
end. 

73«  Modifications  of  the  diaphragm  were  then  taken  up  to 
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effect,  but  it  was  too  low  for  good  draft. 


make  it  of  such  a shape  that  it  would  clear  itself  of  the  small 
quantity  of  cinders  which  had  been  collecting  on  it. 

74.  The  plate  was  made  sloping  where  in  the  earlier  form  it 
had  been  flat,  just  back  of  the  exhaust  nozzle.  The  sloping  form 
is  shown  in  Fig.  17.  This  modification  of  the  form  of  the  sheet 
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did  not  have  the  desired  effect,  for,  in  tests  Nos,  1003  and  1004 
with  it,  there  was  as  large  a quantity  of  cinders  on  the  plate  as 
before  the  change. 

75.  The  inside  stack  was  then  lengthened  as  shown  in  Fig.  18 
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Fig.  19. 

This  arrangement  is  the  final  development  of  the  front  end  for  self-cleaning.  The  stack  is  the 
original  standard  for  the  E engines,  except  that  the  inside  stack  is  longer.  The  diaphragm  plate  is 
without  holes  and  extends  inches  ahead  of  the  center  of  the  nozzle.  The  fire  area  of  the  tubes  is 
5.26  sq.  ft.,  and  the  opening  for  gases  under  the  diaphragm  is  3.96  sq.  ft.  or  75%  of  the  fire  area. 


where  the  end  of  the  stack  is  inches  above  the  tip  of  the  nozzle. 
This  adjustment  had  the  desired  effect,  and  in  tests  Nos.  1005  and 
1006  the  cinders  were  practically  all  cleared  from  the  plate. 

76.  The  inside  stack  was  then  raised  as  in  Fig.  19,  to  a 
point  12  inches  above  the  nozzle,  to  find  the  highest  position  for 
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this  inside  stack  that  would  clear  the  plate  of  cinders.  Six 
shovelfulls  of  dry  cinders  were  put  on  the  plate  and  the  loco- 
motive run  at  a speed  of  about  120  revolutions  and  a short  cut-off 
for  about  15  minutes,  when  the  cinders  were  all  removed;  next, 
six  shovelfulls  of  wet  cinders  were  put  in  and  these  were  also 
cleared  from  the  plate. 

77.  A test.  No.  1007,  was  then  made,  using  a slack  coal  of 
very  small  size,  to  note  the  effect  of  the  self-cleaning  feature.  At 
the  end  of  this  test,  there  were  a few  pounds  of  cinders  on  the 
plate  and  very  little  in  the  bottom  of  the  smokebox. 

78.  A test  was  then  made.  No.  1006,  to  observe  if  the 
capacity  of  the  boiler  had  been  reduced  by  the  changes  that  had 
been  made.  This  test  gave  an  equivalent  evaporation  of  17.63 
pounds  per  hour  or  practically  the  same  as  in  test  No.  1001, 
with  the  arrangement  last  tried  on  locomotive  5266. 

79.  Locomotive  2984  was  then  removed  from  the  Plant  and 
went  into  road  service  equipped  with  the  device.  Fig.  19,  the  final 
form,  which  satisfied  the  conditions  of  good  steaming  and  self- 
cleaning. 


Table  2. 

Self-Cleaning  Front  Compared  With  Standard. 


Test 

No. 

Test 

Designation 

Duration  of  Test  Hours 

1 

Front  End  Arrangement  l 
1 

Boiler  Pressure,  Pounds 
per  Square  Inch 

Evaporation,  Dry  Steam, 
per  Square  Foot  of  Heat- 
ing Surface. 

Pounds  per  Hour  Equiva-  | 

lent  Evaporation  per  Sq.  1 

Ft.  of  Heating  Surface. 

Equivalent  Evaporation 
per  Pound  of  Dry  Coal 

Coal  per  D.  H.  P.  Hour,  | 

Pounds  1 

j Coal  Fired  - 

Cinders  Collected  in 

Smokebox,  | 

Pounds  per  Hour  1 

M.  P.  H. 

Cut-ofF 

Throttle 

917 

37.65 

27 

Full 

3 

Fig.  2 

188.4 

12.24 

15.00 

7.25* 

i 

Scalp  Level 

492 

900.35 

37.65 

27 

Full 

1 

Fig.  8 

199.9 

12.25 

14.76 

7.28' 

4.39 

Scalp  Level 

10 

900.36 

37.65 

27 

Full 

1 

Fig.  8 

198.6 

12.09 

14.54 

7.87; 

4.13 

Scalp  Level 

10 

900.3 

37.65 

32 

Full 

2 

Fig.  2 

201.2 

15.04 

18.24 

7.0l| 

! 

Penn  Gas 

326 

900.37 

37.65 

32 

Full 

1 

Fig.  8 

204.1 

15.08 

18.17 

7.39 

4.66 

Penn  Gas 

6 

900.45 

37.65 

32 

Full 

2 

Fig.  16 

199.5 

14.80 

17.89 

8.65 

4.00 

Penn  Gas 

0 

1001 

46.27 

25 

Full 

1 

Fig.  16 

199-6 

14.55 

17.73 

7.33 

4.30 

Penn  Gas 

0 

1008 

46.27 

25 

Full 

1 

Fig.  19 

202.7 

14.38 

17.63 

8.15 

4.02 

Penn  Gas 

0 

80.  In  Table  2,  some  of  the  results  of  the  tests  of  the  final 
form  of  the  self-cleaning  front  are  shown  in  comparison  with  the 
standard  front.  The  tests  are  in  two  groups,  those  with  Scalp 
Level  coal  being  made  at  a shorter  cut-off  and  lower  evaporation 
than  those  with  Penn  Gas  coal. 


THE  H6b  CLASS  CONSOLIDATION  TYPE  LOCOMOTIVE. 
The  type  of  locomotive  used  in  the  Front  End  tests. 
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SELF-CLEANING  FRONT  END  FOR  CLASS 
H6b  LOCOMOTIVE. 


Conclusions  and  Recommendations  on  page  63. 


INTRODUCTION. 

81.  The  H6  consolidation  locomotive  on  the  Lines  West  has 
had  for  some  time  a self-cleaning  front  end  which  is  very  much 
like  that  developed  for  the  E class,  and  a number  of  locomotives 
were  equipped  with  the  device. 

82.  Several  other  front  end  arrangements  were  in  use  at 
dif¥erent  places  on  the  Lines  East,  and  in  order  to  determine  the 
relative  merits  of  these  devices,  in  discharging  cinders,  a series 
of  trials  were  made  on  the  Locomotive  Testing  Plant.  The 
locomotive  used,  was  an  H6b  class.  No.  2860. 

83.  As  the  trials  were  made  to  determine  the  relative  merits 
of  the  several  devices,  each  separate  device  was  not  taken  up  and 
developed,  as  may  have  been  possible,  so  that  it  would  give 
satisfactory  results.  The  tests  are  comparative,  as  nearly  as  they 
could  be  made,  and  the  same  kind  of  coal  was  used  in  all  of  them. 
As  the  result  of  these  trials  with  the  freight  locomotive,  a satis- 
factory self-cleaning  front  end  was  found  in  the  arrangement  as 
shown  in  Fig.  25. 

The  Standard  Front  End. 

84.  The  H6b  locomotive  when  designed,  had  a front  end 
arrangement,  as  shown  in  Fig.  20,  and  this  has  been  a standard 
on  both  the  H6a  and  H6b  classes.  It  is  in  no  sense  a self-cleaning 
front  end,  although  some  sparks  are  discharged.  A large  amount, 
however,  collect  in  the  smokebox  and  must  be  removed  at  the  end 
of  each  trip. 

85.  This  standard  front  end  has  a deflector  plate  in  front  of 
the  tube  sheet,  the  purpose  of  which,  is  to  restrict  the  draft 
through  the  upper  rows  of  tubes  where  the  velocity  of  the  gases 
is  too  great,  unless  a dampening  action  is  introduced  by  means  of 
such  a flat  deflector. 
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86.  Automatic  cleaning  of  the  front  end  is  accomplished,  as 
has  been  explained  in  the  former  chapter,  by  creating  a rapid 
motion  of  the  gases  through  the  smokebox  by  restricting  the  area 
of  the  passage  below  the  diaphragm  plate. 

Front  End  with  Baffle  Plate. 

87.  One  means  of  creating  this  rapid  flow  of  gases  has  been 
tried  on  the  Lines  East  with  an  arrangement  like  that  shown  in 
Fig.  22,  this  arrangement  has  an  inclined  plate  covering  the  whole 
area  of  the  smokebox  at  the  front  end,  and  the  gases,  flowing 
under  the  edge  of  the  deflector  plate,  are  somewhat  restricted  by 
this  baffle  plate  and  sparks  are  carried  out  of  the  stack. 

The  B.  & A.  V.  OR  Buffalo  Self-Cleaning  Front  End. 

88.  The  front  end  arrangement  shown  in  Fig.  23  is  one  that 
has  been  in  use  on  the  B.  & A.  Division.  It  is  not  unlike  the 
front  end  developed  for  the  E class,  but  it  differs  in  having  a 
high  exhaust  pipe,  with  the  nozzle  set  high  in  the  smokebox. 

Erie  Division  or  Sunbury  Self-Cleaning  Front  End. 

89.  A self-cleaning  front  end,  developed  and  used  on  the 
Erie  Division,  is  shown  in  Fig.  24.  This  has  the  high  exhaust 
pipe  as  in  Fig.  23,  and  in  addition  it  has  a more  complete  di- 
aphragm plate,  with  an  inclined  front  edge.  Instead  of  the  inside 
stack,  as  in  the  other  front  end,  this  one  has  two  “petticoat”  pipes 
with  an  opening  between  the  top  one  and  the  stack  base. 

Self-Cleaning  Front  End  as  Designed  and  Used  on  The 

Lines  West. 

90.  This  front  end.  Fig.  25,  is  much  like  the  design  worked 
out  for  the  E class  passenger  locomotive  but  adapted  to  the  H6b 
class.  It  has  a solid  diaphragm  plate,  extending  from  the  tube 
sheet,  downward  and  forward  across  the  exhaust  nozzle,  which 
is  set  low  in  the  smokebox.  The  edge  of  the  plate  is  6|  inches 
in  front  of  the  exhaust  nozzle  centre.  The  inside  stack,  or  lift 
pipe,  is  extended  to  a point  15^  inches  above  the  exhaust  nozzle. 

91.  Each  of  these  arrangements  was  in  turn  applied  to  an 
H6b  class  locomotive,  and  a series  of  trial  runs  made.  The  front 
ends  which  gave  poor  results  were  not  further  adjusted,  but  the 
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Fig.  20. 

The  standard  front  end  arrangement  for  the  H6b  freight  locomotive.  There  is  a perforated 
deflector  in  front  of  the  tube  sheet.  This  deflector  has  an  adjustable  edge.  A netting  covers  the 
holes  in  the  deflector  plate.  This  arrangement  is  not  self-cleaning  and  the  cinders  must  be  taken 
out  after  each  trip. 
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Fig.  21. 

GENERAL  ARRANGEMENT  OF  H6b  CLASS  LOCOMOTIVE. 
The  Locomotive  used  in  the  Tests. 


LEADING  DIMENSIONS  OF  LOCOMOTIVE 
(H6b  CLASS) 


Total  weight,  pounds 198,267 

Weight  on  drivers,  pounds 176,600 

Cylinders  (simple),  inches 22x28 

Diameter  of  drivers,  inches 56 

Fire-box  heating  surface,  square  feet 166.4 

Heating  surface  in  tubes  (water  side),  square  feet 2,673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet 2,839.74 

Total  heating  surface  (based  on  fire  side  of  tubes), 

square  feet 2,505.29 

Grate  area,  square  feet 48.66 

Boiler  pressure,  pounds 205 

Valves  Piston 

Valve  motion Walschaerts 

Fire-box,  type Belpaire 

Number  of  tubes .' 373 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 164.28 
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Fig.  22. 

Front  end  with  baffle  plate.  This  front  end  is  the  same  as  Fig.  20,  but  with  a plate  added  covering 
the  whole  area  of  the  smokebox  in  front  of  the  exhaust  nozzle.  The  plate  makes  the  front  self- 
cleaning. 
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LOCOMOTIVE 

Pennsylvania  Railroad 

Company 

TYPE 

CLASS 

TEST  DEPARTMENT 

NUMBER 

LOCOMOTIVE  Testing  Plant 

SUBJECT  C\— HlPs.T^\»S<5r  Fwomt 

ALTOONA  PA^— I-ISIO 

^ \ 

Fig.  23. 

A front  end  arrangement  developed  and  used  on  the  B.  & A.  V.  Division. 
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LOCOMOTIVE 

Pennsylvania  Railroad 

Company 

TYPE  ^-a-o 

CLASS  H^S 

TEST  DEPARTMENT 

NUMBER 

LOCOMOTIVE  Testing  Plant 

SUBJECT  SeLt-P"  Cue.A,\H^  F’ROM'T 

ALTOONA  PA  "Z.— 

I 


Fig.  24. 

A front  end  arrangement  developed  and  used  on  the  Erie  Division. 
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Fig.  26. 

A front  end  arrangement  developed  and  used  on  the  Lines  West.  This  arrangement  is  simple 
and  easily  applied.  It  gave  the  best  results  of  any  tested. 
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results  were  accepted  as  showing  the  general  performance  of  the 
front  end  being  tried.  No  efficient  means  of  collecting  the  cinders 
discharged  from  the  stack  was  available  at  the  time  of  the 
tests,  so  the  only  measurement  of  cinders  that  could  be  made 
was  of  those  remaining  in  the  smokebox. 

92.  The  coal  used  was  Jamison  run-of-mine,  a high  volatile 
coal  which  has  been  used  to  a considerable  extent  on  the  Loco- 
motive Testing  Plant  with  this  class  of  locomotive.  It  is  a bitu- 
minous coal  of  fair  quality  and  contains  a considerable  amount  of 
small  size  material,  which  is  discharged  as  sparks.  It  is  not, 
however,  in  this  respect,  like  the  low  volatile  friable  coals  which 
form  a much  larger  quantity  of  sparks. 

93.  Five  or  more  tests,  from  one  to  two  hours  each,  were 
run  with  each  front  end,  and  the  results  are  shown  in  Tables  10 
to  14.  A general  summary  of  the  results  for  a test  at  about  the 
maximum  evaporation  for  each  of  the  front  ends  is  shown  in 
Table  15. 

Table  15. 


1 

Front  End  Arrangement 

Test 

No. 

Test 

Designation 

Average 

Boiler 

Pressure 

Actual  Evaporation  of  j 

Water  per  Hour  | 

Equivalent  Evaporation  per! 
Square  Foot  of  Heating 
Surface. 

Draft  in 
Smokebox 
Inches  of 
Water 

Dry  Coal,  Pounds  per 

D.  H.P.  1 

Cinders  Collected  in  Smoke- 
box, Pounds  per  Hour 

M.  P.  H. 

Cut-off 

Throttle 

Front  of 
Diaphragm 

Back  of 
Diaphragm 

Fig.  25... 

1200.446 

19.2 

45 

F 

204.9 

33722 

16.4 

6.8 

4.9 

5.37 

17 

Fig.  22... 

1200.427 

19.3 

45 

F 

201.6 

32438 

15.8 

5.7 

5.1 

4.87 

29 

Fig.  23... 

1200.448 

19.2 

45 

F 

188.3 

31208 

15.2 

5.1 

4.9 

5.56 

136 

Fig.  24... 

1200.440 

19.2 

45 

F 

178.9 

29820 

14.5 

.5.0 

4.0 

•4.68 

11 

*Fig.  20... 

1200.366 

19.4 

45 

F 

192.0 

33891 

16.2 

6.9 

6.1 

5.13 

375 

* No  test  made  at  this  rate  with  Jamison  coal  and  standard  front  end.  The  coal  used 
in  this  test  was  similar  to  Jamison. 


94.  The  test  of  the  arrangement.  Fig.  25,  shows  an  average 
boiler  pressure  of  204.9  pounds,  an  evaporation  of  33,722  pounds 
of  water,  or  an  equivalent  evaporation  of  16.4  pounds  per  square 
foot  of  heating  surface.  The  draft  in  the  smokebox  was  6.8 
inches  of  water,  and  the  cinders  collected  were  17  pounds  per 
hour.  In  the  test  of  arrangement.  Fig.  22,  it  will  be  noted  that 
the  steam  pressure,  the  evaporation  and  draft  in  the  smokebox 
are  less,  while  the  cinders  collected  are  29  pounds  per  hour.  The 
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arrangement,  Fig.  23,  shows  a still  lower  pressure  and  evapora- 
tion and  136  pounds  of  cinders  collected  per  hour.  The  arrange- 
ment, Fig.  24,  shows  a still  lower  pressure,  evaporation  and  draft, 
but  it  shows  a very  small  quantity  of  cinders  collected. 

95.  It  will  be  noted,  however,  from  Table  14,  that  this  is  an 
exceptionally  small  quantity  of  cinders  for  this  front  end.  Table 
9 brings  out  the  fact,  that  while  this  front  end  shows  fair  results 
in  quantity  of  cinders,  at  the  same  time  it  shows  very  poor  results 
in  steaming. 

96.  The  results  of  the  tests,  showing  coal  fired  and  cinders 
collected  in  the  front  end,  are  illustrated  in  Fig.  26. 

97.  The  standard  front  end,  as  would  be  expected,  shows  the 
largest  quantity  of  cinders  collected.  The  Buffalo  arrangement 
appears  to  be  a little  better  than  the  standard  front  end,  which  is 
not  self-cleaning.  The  Sunbury  front  end  is  better  than  the 
Buffalo  front.  The  baffle  plate  arrangement  comes  next  in  quan- 
tity of  cinders  collected,  while  the  Lines  West  front.  Fig.  25, 
shows  the  best  results  of  all,  with  it,  there  is  formed  a small  bank 
of  cinders  in  front  of  the  exhaust  pipe,  but  as  this  bank  does  not 
grow  to  a large  size  the  front  is  self-cleaning  for  all  practical 
purposes. 

98.  The  Lines  West  front  end  shows  also  the  best  evapora- 
tion. While  Table  9 gives  an  evaporation  of  33,722  pounds  per 
hour  for  this  front  end,  the  locomotive  was  actually  forced  to  an 
evaporation  of  34,256  pounds  per  hour  with  this  arrangement. 
The  average  boiler  pressure  in  this  latter  test  was,  however,  191.1 
pounds,  indicating  that  the  limit  of  boiler  capacity  was  reached 
or  exceeded. 

99.  The  Buffalo  and  Sunbury  front  ends  would  not  be  dif- 
ficult or  expensive  to  apply.  This  does  not  seem  to  be  the  case, 
however,  with  the  baffle  plate  arrangement.  Fig.  22.  It  has  all  of 
the  parts  of  the  original  standard  front  end,  with  the  baffle  plate 
added.  This  baffle  plate  has  a manhole  in  it  to  be  used  to  enter 
the  smokebox  for  examination.  The  other  front  arrangements 
can  be  examined  by  opening  the  smokebox  door,  while  with  this 
baffle  plate  the  inside  manhole  plate  must  be  removed. 

100.  Having  eliminated  the  other  front  ends  for  the  reasons 
as  given,  we  have  remaining,  the  Lines  West  arrangement.  Fig.  25. 
This  is  a simple  and  practical  front  end  which  gives  good  results 
in  both  steaming  and  self-cleaning. 


CO-ORDINATE  PAPER.  J B Webb  Hoboken,  N J. 
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Fig.  26. 

Cinders  remaininQ  in  smokebox  and  coal  fired  per  hour  This  diagram  shows  how  nearly  the 
different  arrangements  are  completely  self-cleaning.  The  Suffalo  and  Sunbury  fronts  are  little 
better  than  the  standard,  which  is  not  self-cleaning. 


CO-ORDINATE  PAPER.  I B Webb.  Hoboken, 
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Conclusions  (E  Class). 

101.  A front  end  arrangement  has  been  developed  for  the 
E class  locomotive,  which  while  self-cleaning,  maintains  the  boiler 
capacity  or  maximum  evaporation  fully  equal  to  that  with  the 
standard  front  end  arrangement  formerly  used. 

102.  With  friable  coals,  where  large  quanties  of  cinders  are 
formed,  the  boiler  capacity  will  be  increased  on  long  runs,  on 
account  of  the  smokebox  being  kept  clear  of  cinders  which  would 
obstruct  the  draft. 

103.  The  outside  and  inside  stacks  as  now  used  on  this  class 
of  locomotive  appear  to  give  better  results  than  can  be  obtained 
with  the  form  recommended  by  the  Master  Mechanics’  Commit- 
tee, and  it  is  thought  advisable  to  retain  them. 

104.  The  diaphragm  plate  may  be  located  at  the  proper 
height  to  produce  the  cleaning  effect  desired  without  causing  any 
difficulty  with  the  burning  of  the  fire.  (Paragraphs  29  to  31.) 

105.  The  best  results  were  obtained  when  the  passage  for  the 
gases,  under  the  diaphragm,  was  smooth  and  free  from  abrupt 
changes  of  form. 

106.  The  inclined,  adjustable,  diaphragm  plate,  often  used, 
was  found  to  cause  an  obstruction  to  the  flow  of  gases  and  is 
undesirable.  In  the  experiments,  the  height  of  the  whole  horizon- 
tal plate  of  the  diaphragm  was  varied  and  the  final  position 
recommended  is  suitable  for  any  locomotive  of  this  class  and 
means  for  adjustment  is  not  considered  necessary. 

107.  The  front  end.  Fig.  19,  giving  the  best  results  is 
arranged  as  follows : The  diaphragm  plate  has  no  holes  in 
it,  it  extends  forward  7^  inches  beyond  the  centre  of  the 
exhaust  pipe,  and  the  forward  edge  is  14|  inches  above  the 
bottom  of  the  smokebox  at  the  centre.  The  lower  end  of  the 
stack  is  12  inches  above  the  exhaust  nozzle.  A 5j-inch 
exhaust  nozzle  is  used. 

R^:commendations  (E  Class). 

108.  The  front  end  arrangement  shown  in  Fig.  19  is  the 
final  development,  and  is  recommended  as  the  one  giving  the  best 
results. 
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109.  The  front  end  arrangement  is  of  sufficient  importance 
in  the  steaming  of  the  locomotive  to  have  a periodic  inspection 
for  correct  location  of  parts,  and  we  recommend  that  such  an 
inspection  be  made  at  the  time  of  the  hydrostatic  test  of  the  boiler. 
A blank  form  should  be  provided  to  be  filled  in  with  the  diameter 
of  the  exhaust  nozzle  and  the  actual  dimensions  of  the  essential 
parts  of  the  arrangement. 

110.  New  locomotives,  of  this  class,  or  locomotives  under- 
going extensive  repairs  should  have  applied  the  front  end  as 
shown  in  Fig.  19. 

Conclusions  (H6b  Class). 

111.  Two  of  these  front  ends,  the  Buffalo  and  Sunbury,  are 
scarcely  to  be  considered  as  self-cleaning,  and  the  Sunbury  front 
with  its  petticoat  pipe  is  a very  poor  steaming  arrangement. 
(Paragraphs  95  and  97.) 

112.  The  baffle  plate  front  end  gives  fair  results  in  dis- 
charging cinders  and  in  steaming,  but  its  extreme  complication 
is  very  evident. 

113.  The  Lines  West  front  gave  very  satisfactory  results  in 
steaming  and  cleaning.  It  is  a simple  and  practical  arrangement. 

Recommendations  (H6b  Class). 

114.  We  recommend  that  in  new  work  or  in  extensive  repair 
work  on  smokeboxes  of  the  H6a  and  H6b  classes  that  the  arrange- 
ment shown  in  Fig.  25  be  applied,  for  the  reason  that  it  makes  a 
better  steaming  locomotive  at  all  times,  and  prevents  failures, 
caused  by  the  filling  with  cinders  and  burning  out  of  the 
smokebox. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved  : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona^  Penna., 

August  31,  1912. 
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LOCOMOTIVE: 

TYPE..  4-4-2 

CLASS 

NUMBER  .8266 


Pennsylvania  Railroad  Company 

Philadalphia,  Baltimore  & Waahinoton  Railroad  Company 
Northern  Central  Railway  Company 
Watt  Jaraay  dl  Seashore  Railroad  Company 
TEST  OEPARTIS/IENT 


Average  Results  of  Locomotive  Tests 


Bulletin  Ko,  9 

Test  nos., 900*25  to 
900.47 


SUBJECT: Self-Cleaning  Pront  End 


Altoona,  Pa.,  9~9~07 


DRIVING  Wheels 

Number  of  Pairs 2 _ 

Approx.  Diameter,  inches _B0 

Engine  Truck  Wheels 

Number 4- 

Diameter,  inches .36- 

Trailing  Wheels 

Diameter,  inches 50- 

Wheel  BASE,  FEET 

Driving  Wheel  Base 7^42 

Total  Wheel  Base 30.65 

G age  of  Wheels 56.13  - 

WEIGHT  OF  ENGINE  WITH  WATER 
AT  20.  GAGE  COCK  AND  NORMAL 
FIRE.  POUNDS 

On  Truck 27X67. 

* Ist  Drivers : 53334  . 

-2d  “ _66667_ 

* 3d  - — rr 

* 4th  “ 

“ 5th  - 

- Trailers 37000 

Total  


- on  Drivers 110000 

Cylinders 

Diam.  and  Stroke,  H.  P 20.5  X 26_. 


CLEARANCE  IN  PER  CENT.  OF  PISTON 
DISPLACEMENT 

H.  P.  Right,  Head  End  12.7_. 

- - Crank  “ 12.1_ 

- Left,  Head  “ 12.4- 

* - Crank  “ 11»9 

L.  P.  Right,  Head  “ .-m— 

- - Crank  “ *—  . . 

- Left,  Head  “ 

- - Crank  “ 

RECEIVER,  Cubic  Feet 

Volume  Right  Side 

- Left  - 

Steam  ports,  Inches 

H.  P.  Admission,  Length  19.67 

Width i»4e- 

L.  P.  - Length 

' - Width 

H.  P.  Exhaust,  Length ^9a64 

* • Width  2w96 

L.  P.  “ Length ' 

* - Width  


Piston  rods,  Diameter 
Inches 

High  Pressure 3.515 

Tail  Rods,  Diameter, 

INCHES 

High  Pressure 

Valves 

Type  Dottble  Ported  Bal 
Design  ov,yi  B^l^Yalyg  ( 

Per  Cent.  Balanced  76.7-  - 

Type  of  Valve  Motion 

Greatest  Valve  travel 

High  Pressure,  inches 7,0 

Low  “ “ . 


Outside  lap  of  valve 
High  Pressure,  inches  l.B 

Low  “ “ 

INSIDE  LAP  OF  VALVE 
High  Pressure,  inches 

Low  - “ — — 

Boiler 

Type  Balpttiro  TTido  Flro  bi 

Outside  Diam.  1st  Ring .67.0- 

Tubes 

Number 31S 


Outside  Diam.,  inches 
Pitch  * _ 

Length  Between  Tube 

Sheets,  inches 

Total  Fire  Area,  sq.  ft. 

Boiler  Pressure,  pounds 

Superheater 
Number  of  Tubes 


2.625 

179.78 
__3.26 
205- 


Outside  Diam.  “ inches — 

Length  of  * * — — » 

Firebox,  inside,  inches 

Length 114.0- 

Width  66.0- 

Air  Inlets  to  Ashpan, 
sq.  ft __ 


6.3- 


qrates 

Type  Roolrlng  Flagog 

Grate  Area,  sq.  ft. 55.5. 


Area  of  Dead  Grates  . 


3.3 


Heating  Surface, 

Square  Feet 

Of  the  Tubes,  Water  Side  2471  04 
“ “ • Fire  “ 2I62I4O 

“ “ Firebox,  “ “ 156.66 

“ * Superh’r,  “ * — — 

Total,  Based  on  “ “ 2319.26 

of  Firebox  and 

Waterside  ofTubes  2627,90 
Boiler  Volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COOK 

Water  Space,  cu.  ft.  338.6 

Steam  “ •*  “ 109.9 

Exhaust  nozzle 

Double  or  Single SlUglfi  

Size,  inches .*•_ 

. . , 0.625“ 

Ar6df  SQ*  inches _ . ft 

REVERSE  lever 

H.  P.  Notches  Forward  of  Center  16  - 

L.  P.  Notches  Forward  of  Center 

Ratios 

Heating  Surface  (158)  to 

Grate  Area  (145)  _ -41.79 

Fire  Area  Thru  Tubes  vl19) 

to  Grate  Area  (145)  _ .09 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156)  13,79 


*U8EO  IN  OALOULATKMS 


Table  3. 

Dimensions  of  E2a  locomolive  5266. 
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TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Toit, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P, 
Cy'inders 

Draft 

In 

Grebes 

Pros  sure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

D'aft 

in 

Ash  Pan, 
Inches 
of  Water 

CaloilAc 
Vaiuo 
of  Dry 

Fuel, 

8.  T.U.porLh. 

Cinders 

Collected  in 

Smoke  Box, 

Pounds 
psr  Hour 

R.  P.  a.  Cul-ott  TbrotlU 

196  1 

1 199 

203 

268  to  271 

217  1 

! 222 

225 

24.8 

1 238 

-9If 

160-27-F 

3,0 

38.20 

Full 

2.1 

188,4 

7.7 

0,3 

16167 

492 

900,3 

160-32-P 

2,0 

37,66 

«• 

2,5 

201.2 

8,3 

0.2 

14360 

326 

900.26 

160-27-r 

1.5 

37,66 

• 

1.2 

179,2 

4,9 

0.2 

15402 

0 

900,26 

160-27-P  . 

1.0 

37,66 

9« 

1.1 

161.4 

4,8 

0,2 

15402 

0 

900,28 

160-26-P 

2,0 

37,66 

m 

1.2 

199.0 

5.0 

0.2 

15402 

0 

900,29 

160.30-F 

1.0 

37.66 

m 

1.6 

173.3 

5,6 

0.2 

15402 

0 

900,30 

160-27-F 

1.0 

37,65 

m 

1.5 

166,9 

5,3 

0,2 

15402 

0 

900,31 

160-27-F 

1.5 

37,66 

n 

1.3 

176,7 

4.8 

0.2 

16402 

0 

900.32 

160-27-P 

1.0 

37.66 

1.4 

195,1 

6.2 

o;2 

1S60& 

46 

900,33 

160-32-F 

1.0 

37,65 

H 

2.6 

179.0 

6,8 

0.2 

14229 

26 

M.  F.  394  A-Bixlh  Sheet 
« t iu‘^ 

LOCOMOTIVE: 

TYPE  4-4-4: 

CLASS  B2« 

NUMBER 

SUBJECT ; Front  md  Trials 


Pennsylvania  Railroad  Company 

PhiU4«iphia,  Bsilimoro  & Wathinglon  fltilroad  Company 
Northern  Conirel  fleilwey  Company 
Watt  Jeraey  4i  Saathore  Railroad  Company 
XESX  DEPARTMENT 


FUEL;Soalp  Level 
and  Penn  das  Coal 


Average  Results  of  Locomotive  Tests 


Altoona,  Pa., 9-^1907 


BOILER  PERFORMANCE 


TEST 

NUMBER 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  ANO  AT  2120  F..  POUNDS 

BoTer 

Horse 

Pn»er 

(3d;;iJ.ot  f.) 

Efficiency 
of  Boiler, 
Based 

Fuel 

Draft 

Bank 

of 

Dianlu 

Per 

Hour 

Per  Hour 
per  Sq.  ft. 

nf  fire 

Heat  n?  Sur. 

FuP*'’ 

Pound 

of 

Dry  Fue! 

338 

339 

340 

344 

345 

347 

349  { 

350 

917 

4802 

86.55 

28670 

34793 

15.00 

7.25 

1008,6 

46.17 

6,2 

900,3 

6039 

106,81 

35232 

42305 

18,24 

7,01 

1226.3 

47.16 

4,2 

900,25 

3749 

67,66 

25115 

29866 

12,88 

7.97 

866,7 

49,98 

3.2 

900,26 

4116 

74.U 

26296 

31288 

13,49 

7,60 

906,9 

47,66 

3,3 

900,28 

4169 

76,13 

26182 

31236 

13.47 

7,49 

905,4 

46,97 

3,3 

900,29 

4392 

79,14 

26243 

33677 

14,48 

7.65 

973,3 

47,97 

4.0 

900.30 

4462 

60.40 

27270 

32532 

14.03 

7.29 

943,0 

46.71 

3.7 

900,31 

3903 

70.32 

26797 

30707 

13,24 

7.87 

890,1 

49.35 

3.4 

900,32 

4446 

80.11 

27990 

53362 

14,38 

7,50 

967,0 

47,03 

4.3 

9QPe» 

i 37627 

16.22 

6.46 

1090.7 

43.85 

5^9 

ENGINE  PERFORMANCE 


Branch  Pipe, 
P»u«d$ 
per  Sq  In 


Branch 

Pipe 

Orqreej  F. 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

Dry  Steam 
to 

ludicated 

Dry  Fuel 
per 

Dry  Steam  | 

per 

Front 

Drawbar  j 

Dynaasometer 

1 O' 

Dry  Fuel 
per 

Dry  Steam 
per 

Machine 

Efficiency 

fheruial 

Effictency 

E3(hai»t 

NUMBER 

Engints, 

Pounds 

Horse 

Indicated 

Horse 

Indicated 

Horse 

Pull, 

Drawbar 

Hone 

Oyntmom. 

Horse 

Dynamom. 

Horse 

of 

Locomotive, 

af 

lACWoSb,, 

HoBzle 

per  Hour 

Power 

PowsrHour, 

Power  Hour, 

Pounds 

Power 

Power  Hour, 

Power  Hour, 

Per  Cent. 

pwCeM., 

Olaaeter 

Pounds 

Pounds 

Pounds 

Pounds 

Used  on  Fuel) 

214 

379 

380 

381 

265 

383 

384 

386 

398 

399 

917 

Fl«,2 

8767 

892,1 

5,38 

31,34 

300 

5,626 

900,8 

• 2 

10535 

1193,6 

5,06 

29,2 

3.6 

5,625 

900,25 

• 8 

8684 

872,0 

4,30 

26.51 

3,64 

5.625 

900.26 

- 9 

8786 

882,2 

4.66 

28,50 

3,65 

5,625 

900,28 

• 9 

8926 

896,3 

4,66 

28,89 

3,55 

6,760 

900,29 

••  10 

9970 

L001,2 

4,39 

2T,92 

3,76 

5,760 

900,30 

- 10 

9529 

956,9 

4,66 

28,21 

3,55 

5,760 

900.31 

*•  10 

8927 

896,4 

4,36 

20.49 

3,00 

5,625 

m 

JJL 

imj 

m± 

27.06 

^.84 

3,81 

5,750 

52750 

Table  4. 

Results  of  front  end  tests,  E2a  class  locomotive. 


56 


M.  P.  304  4,-8izth  Sheet 

’ Pennsylvania  Railroad 

1 Philedelphie,  Beltimere  & Waihieglen  Reiir 

LOCOMOTIVC  . Norther.  Central  Railway  Cetnpe 

-fYPE  4p‘4*»K  V/aat  Jersey  4 Seashore  Railroad  Co 

niASS  Xte  OEPARXMEr 

NUMBER  6266.  . Average  Results  of  Locow 

SUBJECT : ftfoat  Bad  SrlalB 

11 4*10 

Company 

064  Company 

mpen,  FUEL;  Peim  OaB  and 

VT  SoeOn  Iseral  Coal 

lOTivE  Tests 

Altoona,  Pa.,  9r*9-1907 

TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Toot, 

Hoen 

Miles 

per 

Hour 

Throttio 

Opening, 

- Full  or 
Pirtial 

Actual 

Cut-aff 

Percent, 

H.  P. 

Cy  linden 

Drsft 

In 

Jlrebox 

Pressure 

In  Boiler, 

Lbs.  per 

Sq.  Inch 

Draft 

In 

Smolae  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.  U.  per  Lb. 

cinders 

Collected  in 

Smoke  Box, 

Pounds 
per  Hour 

L r.  Cal-cft  Tkrottla 

196 

199 

203 

268  to  271 

I 

222 

225 

248 

238 

900.35 

900.36 

900.37 

900.38 

900.39 

900.40 

160-27-F 

160-27-F 

160ra32-.F 

160-27-F 

160-27-P 

160-27-F 

1.0 

1.0 

1.0 

1.0 

1.0 

0.5 

37.66 

37.66 
37.66 

37.66 

37.66 
37.56 

Poll 

m 

ft 

B9 

M 

91 

1.4 

1.4 

2.9 

1.5 

1.4 

1.2 

199,9 

198.6 
204,1 
200,4 
184.3 

172.6 

5,6 

6.3 

9.5 

5.9 

6.0 

4.6 

0,3 

0,3 

0,3 

0,3 

0,3 

0.2 

15402 

15402 

14233 

15402 

15402 

15402 

10 

10 

6 

255 

76 

0 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PE« 

FOIIMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  ANO  AT  212®  F..  POUNDS 

Boiler 

Horse 

Power 

(34>iU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Draft 
Back  1 
of 

llanoh.  1 

Proiiuro 

In 

Branch  Pipe, 
Pounds 
per  Sq.  In. 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fire 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

1 338 

339 

340 

344 

345 

347 

349 

360 

1 220 

230 

900.35 

900.36 

900.37 

900.38 

900.39 

900.40 

4702 

4286 

5702 

4206 

4478 

84.72 

77.21 

102,74 

75.78 

80.68 

28693 

28318 

35326 

29201 

26430 

34243 

33717 

42141 

34840 

31502 

14.76 

14.54 

18,17 

15.02 

13.58 

7.28 
7.87 
7.39 

8.28 
7,03 

992.6 

977.3 

1221.5 

1009,9 

913.1 

45.65 

49.36 

50.15 

31.92 

44.08 

4.6 

4.6 

7.4 

4.7 

3.9 

3.1 

t 

ENGINE  f 

>ERFORM 

ANCE  1 

LI 

DCOMOT 

IVE  PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 

to 

Eeglnet, 
Pounds 
par  Hour 

Indicated 

Hone 

Power 

Dry  Fuel 
per 

Indicated 

Hone 

Peww  Hour, 
Pounds 

Dry  StOMi 

Indlcitod 

Horse 

Power  Hour, 
Pounds 

Front 
End  1 

I Drawbtr 

1 

1 Pounds 

Dynanometer 

Of 

Drawbar 

Hone 

Power 

Dry  Fuel 
per 

Dynamern 
Hone 
Power  Houi 
Pounds 

Dry  Steam 
9^ 

Dyaanom. 

Hena 

r,  Power  Hour 
Pounds 

Machine 

Effidency 

of 

LteonoHve, 
Par  Cent. 

Thermal 

Effidency 

ef 

Laemnetiva, 
pm’ Cent, 
(iMdmiFuell 

l:diouat 

ETozzle 

Diaieter 

214 

379 

380 

381 

1 286 

383 

384 

386 

396 

399 

900.3C 

900.36 

900.37 

900.38 

900.39 

900.40 

Fie.8 
••  8 
••  8 
" 11 
••  11 
" 12 

10418 

10324 

12198 

8596 

1046.2 

1036.7 

1224.9 

Bo 

4.49 

4.13 

4.66 

recos 

1 

27.12 

27,04 

28.45 

3.68 

4.00 

3.84 

6.76 

6.76 

5.75 

5.75 

5.75 

6.25 

Table  5. 

Results  of  front  end  tests,  E2a  class  locomotive. 
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RUNNING  CONDITIONS 

B-OILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

Teat, 

Hoora 

Milos 

per 

Hour 

Thrdtm 

Oponleg, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H.  P. 
Cylinders 

Draft 

in 

PlreteK 

1 Pressure 

1 In  Boiler, 
Lbs.  per 

1 b<).  Inch 

Draft 

In 

Smoke  Box, 
Inchet 
of  Water 

Draft 

In 

Ash  Pan, 
Inchoi 

orWitar 

Calorific 
Value 
of  Dry 

Fuel, 

3.T.U  per  Lb. 

Cinders 

Collected  In 

Smoko  Box, 

Pounds 
• per  Hour 

E P.  M.  Cut-off  nrottia 

196 

199 

203 

268  to  271 

1 217 

222 

225 

248 

238 

900.41 

160w27-F 

2 

37,56 

mi 

8*1 

200.8 

6.9 

0,3 

14382 

0 

900.42 

160.W27-.F 

2 

37.66 

1.9 

203.4 

6,7 

0,3 

I* 

0 

900,43 

160-27-mP 

2 

37.66 

n 

2.0 

204.6 

7,1 

0.3 

I* 

0 

900.44 

160-27-? 

2 

57.56 

•* 

1.9 

202.3 

6.8 

0.3 

» 

0 

900.45 

160-32>4f 

£ 

37.56 

H 

2.6 

199.5 

8.7 

0.4 

M 

0 

900,46 

160-27-P 

2 

37,66 

Partial 

0.6 

206.8 

1.8 

0,2 

n 

3 

900.47 

160-27-F 

2 

87.66 

Full 

1.9 

195.8 

6.7 

0.3 

n 

10 

M.  P.  384  A-«lith  ehost 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE  4HH* 

CLASS  12a  ... 

NUMBER  6264  Average  Results  of  Locomotive  Tests 

SUBJECT  : Frqali  )Ba4  Trials  Altoona,  Pa  10«lrOJ07 


Pkiladtipliii,  BaHimar*  4 Wiatiiagtoa  Railroad  Company 
Norlhorn  Contral  Railway  Company 
Wooi  Joroay  4 Saaihoro  Railroad  Company 
XEiaT  DERAR-TMENT 


FUEL:  Pem  Has 
Cool 


BOILER  PERFORMANCE 


EHGINE  PERFORMANCE 


TEST 

NUMBER 


FIrod 
par  Hour, 
Pounds 


Pouodi  par 
8q.  rt  of 
Grate 


Water 
Dollvarod 
to  Boiler, 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  2120  F..  POUNDS 


Per  Hour 
per  S<|.  Ft. 

KsiWng'sur, 


Per 

Pound 

of 

Dry  Fuel 


Hot  so 
Power 

(34SU.ofE. 


Efficiency 
of  Boiler, 
Based 


Draft 

Bade 

of 

[)laphw 


Pressure 

In 

Brand)  Pipe, 
Pounds 
porSq  In. 


Branch 

P'p. 

Degrees  F. 


338 


345 


220 


900441 

900.42 

900.43 

900.44 

900.45 

900.46 

900.47 


4469 

3888 

4641 

3776 

4799 

1421 

4030 


80.88 

70.06 

83.62 

68,04 

86.47 

25.60 

72.61 


31166 

29706 

31032 

30437 

34676 

14206 

28882 


35552 

37177 

36458 

41497 

16970 

34525 


16.07 

15.33 

16.03 

16.72 

17^89 

7,32 

14.89 


8.31 

9.14 

8,01 

9.66 

8.66 

L1.94 

8,57 


1080.7 

1030.6 

1077.6 

1056.6 

1202.8 

491.9 

1000.7 


55.80 

61.38 

63.79 

64.87 

58.09 

80.18 

5'!',66 


5.5 

6.2 

5.6 
5.4 

6.7 
1.6 
4.6 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


Dry  Steam 


Engines, 

Pounds 


Dry  Fuel 
P*'' 

Indicated 

Hofin 

Power  Hour, 
Pounds 


Dry  itaam 

j>0) 

Indicated 

Horse 

Power  Kcjr, 
Pounds 


Front 

Bad 


Drawbar 

Pull, 

Pounds 


Dynamomotor 

Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Dyne  mom. 
Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Dynamom, 


Power  Hour. 
Pounds 


Kachlna 

Efficiency 

of 

Locomotivt, 
Per  Cnnt. 


Thermal 

tSifoncy 

of 

Ucemetlira, 
per  Cent, 
itiodonFuol: 


Bshenst 

Hozzle 

itPlaaatar 


380 


286 


383 


384 


398 


399 


900.41 

900.42 
900.48 
900.44 

900.46 
900«46 

900.47 


Fle.l4 
" 16 
" 16 
" 16 
• 16 
• 16 
• 18 


10622 

L0334 

L0250 

L0400 

L1967 

3894 

110142 


1064. 

1035.3 

1026,8 

1041.9 

1198.9 
400.1 

1016.0 


4.14 

3,76 

4.52 

3,62 

4.00 

3.55 

3.97 


28.46 

26.39 

29.66 

26.91 

28.63 

34.63 
£8.19 


4.27 

4,71 

3.91 

4,89 

4.42 

4.98 

4.46 


5.76 

6.76 

5.76 

5.76 

6.75 

5.76 
5,75 


Table  6. 

Results  of  front  end  tests,  E2a  class  locomotive. 
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Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

type  4-4-2 

CLASS 

iMUMBER  .29e4  Average  Results  of  Locomotive  Tests 
SUBJECT: Seif-cloaaiag, JTont  End  Altoona,  Pa. 


PhiUdelphia,  Baltimora  i,  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &,  Seashore  Railroad  Company 
TEST  OEF=»ARTIVtErMT 


Biaietin  I7o.  9 
Test  nos., 

1001  to  1008  Incl, 
11-4-07 


DRIVING  WHEELS 

Piston  Rods,  Diameter 

1 

Number  of  Pairs 

Z 

INCHES 

2 

Approx.  Diameter,  inches  _ 

80 

74 

High  Pressure  ..  _ _4 

154 

Engine  Truck  Wheels 

76 

Low  " . . — 

155 

14 

Number 

4 

TAIL  RODS,  Diameter, 

156 

15 

Diameter,  inches 

36_ 

INCHES 

157 

Trailing  Wheels 

78 

High  Pressure -:rT_ 

»158 

16 

Diameter,  inches 

_ 50 

80 

Low  “ 

159 

Wheel  base,  feet 

VALVES 

17 

Driving  Wheel  Base_. 

7.42 

62 

Type  Rlflharciaon  Balanced — 

ie 

Total  Wheel  Base 

. 30,85 

83 

Design 

19 

Gage  of  Wheels 

_ 4^71 

64 

Per  Cent.  Balanced 

WEIGHT  OF  ENGINE  WITH  WATER 

86 

Type  of  Valve  Motion  Stephansiin 

160 

AT  20.  GAGE  COCK  AND  NORMAL 

Greatest  Valve  travel 

161 

FIRE.  POUNDS 

86 

High  Pressure,  inches 

20 

Am  T rii/'L 

33700 

88 

Low  “ “ — 

2 1 

un  1 ruvK 

“ 1st  Drivers 

56700 

Outside  lap  of  valve 

162 

22 

“2d  * 

_6Jt50_0_ 

90 

High  Pressure,  inches  * 

163 

23 

“ TH  " 

, ^ , 

94 

Low  **  " 

167 

24 

“ 4th  “ 

Inside  lap  of  Valve 

“ StK  “ 

98 

High  Pressure,  inches  ♦ 

168 

26 

vin  

“ Trailers  

~ 31200 

102 

169 

27 

Total 

_iaaJJDQ 

Boiler 

28 

“ on  Drivers 

118200 

113 

TypeBalpaira-Jrida  Fire  Box 

1 7 1 

Cylinders 

114 

Outside  Diam.  1st  Ring  . 67  . 

Diam.  and  Stroke,  H P 22  X 26 

Tubes 

172 

* * “ L.  P 

116 

Number  315 

CLEARANCE  IN  PER  CENT. 

OF  piston 

116 

Outside  Diam.,  inches  _ Z— 

173 

DISPLACEMENT 

Pitch  . “ 2.625- 

40 

H.  P.  Right,  Head  End  . 

118 

Length  Between  Tube 

174 

4 1 

“ * Crank  “ 

♦ 

Sheets,  inches  _ 179 *78.  „ 

42 

■ Left,  Head  “ 

♦ 

119 

Total  Fire  Area,  sq.  ft.  . 5,26 

43 

“ “ Crank  “ 

124 

Boiler  Pressure,  pounds 205_. 

44 

L.  P.  Right,  Head  “ 

r-rr_ 

Superheater 

45 

* “ Crank  “ 

125 

Number  of  Tubes  — 

46 

‘ Left,  Head  “ 

— 

126 

Outside  Diam.  “ inches ~— 

47 

* * Cr^nk  **  

128 

Length  of  “ “ 

REcetvER,  Cubic 

FEET 

Firebox,  inside,  inches 

48 

Volume  Right  Side 

— 

132 

Length 114- 

49 

“ Left  “ 

133 

Width  : • _._6a 

Steam  ports,  inches 

137 

Air  Inlets  to  Ashpan, 

SO 

H.  P.  Admission,  Length  _ 

- 20- 

sq.  ft. 6.3 

6 1 

“ * Width 

1.5. 

Grates 

68 

L.  P.  “ Length 

— 

144 

Type  BocldLi^ -Finger  

69 

• ‘ Width 

— 

146 

Grate  Area,  sq.  ft- ■ 55.5. 

66 

H.  P.  Exhaust,  Length 

20_ 

146 

Area  of  Dead  Grates  6JD 

67 

‘ “ Width 

a_ 

70 

L.  P.  “ Length 

— 

7 1 

* * Width  . 

Heating  surface, 

Square  Feet 

Of  the  Tubes,  Water  Side  2471 ,04 

* * • Fire  “ 2162,40 

“ “ Firebox,  “ “ 156.86 

“ * Superh’r,  “ “ 

Total,  Based  on  “ “ 2319.26 

of  Firebox  and 

Waterside  of  Tubes  26£7.90_ 

BOILER  VOLUME 
WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COCK 

Water  Space,  cu.  ft.  * 

Steam  " , ♦ 

Exhaust  Nozzle 

Double  or  Single .Sixtgle 

Size,  inches _ 5.75 

Area, sq.  inches.  . _25.97 

REVERSE  LEVER 

H.  P.  Notches  Forward  of  Center  15  . 
L.  P.  Notches  Forward  of  Center.  _ . _ 

RATIOS 

Heating  Surface  t158)  to 

Grate  Area  1145)  41,79 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145)  _ . ,09 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  2.83  . 

Tube  Heating  Surface  (1551 
to  Fire  Box  Heating 
Surface  (156)  13.J79_ 


* These  items  not  measurod 


*USEO  IN  OALOUUTtONS 


Table  7. 

Dimensions  of  E3a  class  locomotive  2984. 
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M.  P.  894  A-BI«th  Sheet 
8x11^ 

LOCOMOTIVE: 
TYPE  4*4^ 
CLASS  . 

NUMBER  2984 

SUBJECT : ?Toat 


Pennsylvania  Railroad  Company 

PhiMel^hie,  keitlinore  A WMkUgtea  Rellreed  Cempeny 


We*l  Jersey  A Seeihere  Rellreed  Cempeey 
Tfc.8T  DEPARTMKNT 


FUEL : Penn  Qes 
Coal 


Average  Results  of  Locomotive  Tests 
Bpd  T9»t«  ..  Altoona,  Pa.,  11-4^1907 


Table  8. 

Results  of  front  end  tests.  E3a  class  locomotive. 
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Pennsylvania  Railroad  Company 

Phil»detphte.  Baltimore  dL  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  4.  Seashore  Railroad  Company 


Balletia  Io*9 

TEST  NOS,, 


TTESX  DEF^ARTIVIEfSIX 


LOCOMOTIVE 
TYPE 
CLASS  .... 

NUMBER  2860  Average  Results  of  Locomotive  Tests 

SUBJECT tSelf  Cleaning  Front  End  Altoona,  Pa.9-X0-1906 


Driving  Wheels 

Piston  Rods,  Diameter 

Number  of  Pairs  .. 

4 

Inches 

2 

Approx.  Diameter,  inches 

56 

74 

High  Pressure 

4 

164 

Engine  Truck  Wheels 

76 

Low 

.. 

165 

14 

Number 

2 

Tail  Rods,  Diameter,  ^ 

166 

16 

Diameter,  inches 

30 

inches 

157 

Trailing  Wheels 

78 

High  Pressure 

Hone 

•158 

16 

Diameter,  inches 

— - 

80 

Low 

159 

Wheel  Base, 

feet 

Valves 

17 

16.25 

82 

Type  Piston 

ie 

Total  Wheel  Base 

24.84 

83 

Design  AnOr.BAl.YalTO  Co, 

19 

Gaze  of  Wheels 

4.75 

84 

Per  Cent.  Balanced 

100 

_ 

86 

Type  of  Valve  MolmWalBOhaiOrtS 

AT  20  GAGE  COCK  AND  NORMAL 

Greatest  valve 

Travel 

160 

161 

FIRE  POUNDS 

86 

High  Pressure,  inches 

6.25 

20 

On  Truck 

21667 

ee 

Low 

— 

2 1 

" 1st  Drivers 

__46667_ 

Outside  Lap  of 

VALVE 

162 

22 

" 2d  " - .. 

42583 

90 

High  Pressure,  inches 

,91 

163 

23 

'•  3d  “ 

47600 

94 

Low 

— 

167 

24 

" 4th  “ 

40850 

Inside  Lap  of 

Valve 

26 

5th  “ 

— 

98 

High  Pressure,  Inches 

.06 

168 

26 

“ Trailers 

— 

102 

Low 

169 

27 

Total 

198267 

BOILER 

26 

“ on  Drivers 

176600 

113 

Type  Bclpsire.Wlde  Fireooz 

1 7 1 

Cylinders 

114 

Outside  Diam.  1st  Ring 

7x#x6 

Diam.  and  Stroke,  H P 

22  x28 

Tubes 

172 

. « . , p 

115 

Number 

373 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

Outside  Diam.,  inches 

£ 

173 

DISPLACEMENT 

Pitch 

2,6875 

40 

H.  P.  Right,  Head  End 

12.5 

118 

Length  Between  Tube 

174 

4 1 

“ “ Crank 

10.7 

Sheets,  inches 

164.28 

42 

" Left,  Head  “ 

12.2 

119 

Total  Fire  Area,  sq.  ft. 

6.28 

43 

“ " Crank  " 

10.8 

124 

Boiler  Pressure,  pounds 

205 

44 

L.  P.  Right,  Head 

•*- 

Superheater 

46 

“ " Crank  ■' 

— 

125 

Number  of  Tubes.  _ 



46 

“ Left,  Head  " 

126 

Outside  Diam.  “ inches 

— 

47 

“ “ Crank  “ 

— 

128 

Length  of  “ 

« ^ 

Receiver,  Cubic  Feet 

Firebox,  inside, 

INCHES 

48 

Volume  Rigid  Side  __ 

— 

132 

Length 

118,32 

49 

“ Left  " . 

133 

Width 

65.04 

Steam  Ports, 

Inches 

137 

Air  Inlets  to  Ashpan, 

SO 

H.  P.  Admission,  Length 

30 

sq.  ft. 

7.66 

51 

' ‘ Width 

£ 

Grates 

58 

L.  P.  * Length 

144 

Type  Boekiag  Finger 

59 

“ “ Width 

145 

Grate  Area,  sq.  ft._ 

48.66 

66 

H.  P.  Exhaust,  Length 

No  Port 

146 

Area  of  Dead  Grates 

0 

6T 

“ “ Width 

«»  H 

70 

L.  P.  “ Length.. 

. 

71 

' * Width 

HEATING  Surface, 

Square  Feet 

Of  the  Tubes,  Water  Side  2673«68 

“ “ • Fire  ■'  2339,25 

“ firebox,  166,06 

“ “ Superh’r,  ■'  “ 

Total,  Based  on  “ “ 2505,29 


2839,74 


of  Firebox  and 
Water  Side  of  Tubes 

Boiler  Volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COOK 

Water  Space,  cii  ft.  349,7 

Steam  63 ,1 

Exhaust  Nozzle 

Double  or  Single  SlUgl© 

Size,  inches  _ 

Area,  sq.  inches 

Reverse  Lever 
H.  P.  Notches  Forward  of  Center 
L.  P.  Notches  Forward  of  Center 
RATIOS 

Heating  Surface  (.158)  to 
Grate  Area  i145) 

Fire  Area  Thru  Tubes  i119) 
to  Grate  Area  (145) 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156) 


5,63 

24,89 

22 


51.49 

•13 

3*41 

14,09 


•USED  IN  CALCULATIONS 


Table  9. 

Dimensions  of  H6b  class  locomotive  2860. 
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TEST 

NUMBER 

RUNNING  CONDITIONS 

1 

1 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Openfng, 

Full  or 
Partial 

Actual 

Cut-ofT 

Per  Cent., 

H.  P. 
Cylinders 

Draft  1 

in 

firebox 

Pressure 

1 In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

Smoke  Box, 
Inches 
. ( Water 

Dra'T  f 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 

Coilecte.J  in 

S.T.oke  Box, 

Pounds 
per  Hour 

R.  r.  M.  Cal-otl  Throttle 

196 

199 

203 

2»d  to  271 

217 

222 

225 

2A8 

238 

X200.276 

e0->20-F 

2«26 

13«00 

Fall 

19*2 

0*7 

204*6 

1.3 

0*1 

13176 

21 

1200.271 

80-90-F 

8.00 

13*00 

« 

31*4 

1.1 

204*6 

2*6 

0.1 

13176 

26 

U00,272 

80^0-7 

2.50 

13*00 

m 

38*9 

1.6 

204*8 

3*4 

0.1 

13176 

31 

1200.275 

120.40-F 

2.00 

19.50 

« 

38*9 

1.9 

204*6 

6,2 

0.2 

14137 

79 

1200«2e6 

140-40-P 

.76 

22*75 

« 

13*9 

2*1 

200*6 

6*8 

0*1 

14137 

436 

M.  P.  394  A -Sixth  Sheet 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE 

CLASS  H6b  

NUMBER  2860  Average  Results  of  Locomotive  Tests 
SUBJECT  : Self  Claanliw  Front  Bnd  Altoona,  Pa 


Philtdelphia.  Baltimore  & Waahington  Railroad  Company 
Northern  Central  Railway  Company 
Waal  Janey  & Saaihora  Railroad  Company 
“TESX  OePARTMEMT 


FUEL  - janleon  Coal 


8-29^1910 


TEST 

NUMBER 

BOILER  P 

ERFORM 

lANCE 

ENGINE  PERFORMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  ANO  AT  212®  f,,  POUNDS 

Boiler 

Horse 

Power 

(34SU.ofE.) 

Efficiency 
of  Boll  ir. 
Based 

on 

Furl 

Draft 

Dianh. 

pressure 

In 

Branch  Pipe, 
Pnunds 
p«r  Sq  In 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hrur 
per  Sq.  Ft. 

nf  Fire 
He.it.ng  Sur. 

Per 

Pound 

of 

Dry  Fuel 

33B 

339 

340 

344 

345 

347 

349 

360 

1 

1 220 

230 

1200*276 

1734 

35*64 

13890 

16669 

6*66 

9*61 

483*2 

70*44 

1.1 

1200*271 

2593 

63*29 

19628 

23780 

9*48 

9*16 

688*4 

67*14 

2.3 

1200.272 

3289 

67*69 

24036 

29104 

11*62 

8*85 

843*6 

64*87 

3*0 

1200*275 

4950 

101*73 

31111 

37632 

15*02 

7*60 

1090*7 

51*92 

4*6 

1200*286 

6336 

130*21 

33188 

39989 

15*96 

6*31 

1159.1 

43*11 

5*2 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engl  nos, 
Pounds 
per  Hour 

Indicated 

Horoe 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Front 

mi 

Drawbar 

Pull, 

1 Pounds 

Dynamometer 

Onwba'' 

Horse 

Power 

Dry  Fuel 
per 

Oynnmom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Lccnmotivo, 
per  Cent., 
LiasedonFue!) 

Soszla 

Diaoster 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

1200*276 

13061 

520*2 

3*3 

25*11 

fig.ZO 

12014 

428.5 

4.1 

30*48 

82.4 

4.76 

5.5 

1200*27] 

19387 

817*6 

3*2 

23*71 

m 

20284 

701,4 

3,7 

27*64 

85.8 

5.22 

•1 

1200*272 

23723 

963*5 

3.4 

24*62 

m 

24526 

850*2 

3,9 

27,90 

86.2 

4,99 

1200*278 

30723 

1252*8 

4*0 

24.52 

m 

20998 

1091,8 

4.5 

28.14 

87,1 

3.97 

•• 

1200*286 

32786 

1308*4 

4*8 

25*06 

**  1 

18771 

1138*7 

5,6 

28.79 

87,0 

3.24 

•• 

Table  10. 

Results  of  tests  of  standard  front  end,  H6b  class  locomotive. 
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P._304  A— Sixth  Sheet 
8 X lv}.j 

LOCOMOTIVE: 

TYPE  a-i6^  

CLASS 

NUMBER  2860 
SUBJECT  : Self  Claanl]«  Front  Bid 


Pennsylvania  Railroad  Company 

Philidelphia.  BaKtmor*  & WMhia9lon  Railroad  Company 
Northara  Cantral  Railway  Company 
Watt  Jertay  & Saaahora  Railroad  Company 
-TES-r  DEPARTMEMT- 


FUEL; 


Coal 


Average  Results  of  Locomotive  Tests 


Altoona,  Pa.,  6-29-1910 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

CylJor. 

Iiraft 

la 

firebox 

Pressure 

In  Boiler, 
Ibe.  per 

S<|.  lech 

Draft 

la 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Indiee 
nf  Water 

Caleriic 
Value 
of  Dry 

B.T.U.*liwUi. 

cinders 

Collected  in 

Smoko  Box, 

Pounds 
per  Hour 

I.P.ILCtt-stt'ninttk  1 

198 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

1200*423 

80-2^F 

2,0 

12.86 

Ftai 

0*6 

204*6 

1.4 

0*0 

12928 

5 

1200*422 

80-80-F 

2,0 

12,86 

• 

0*8 

203,7 

2.1 

0*2 

m 

8 

1200*424 

80-40-F 

2.0 

12,86 

«» 

1*2 

204,3 

3,3 

0.1 

m 

16 

1200*426 

120.40-F 

2.0 

19,30 

• 

2a 

201,4 

5,2 

0.2 

m 

25 

12X*428 

120-40-f 

1.5 

19.30 

m 

1*5 

202,0 

5,6 

0,2 

13590 

0 

12X*426 

120-45-F 

1.0 

19*30 

m 

2.3 

159,9 

6,6 

0*2 

12928 

29 

1200*427 

120-45-7 

1 

1 

[ 

1.0 

19*30 

m 

2.4 

201«6 

6.7 

0*1 

13390 

29 

TEST 

NUMBER 


BOILER  PERFORMANCE 


ENSUE  PERFORMANCE 


Dr;  Fuel 
Rred 
per  Hour, 


Dry  Fuel 


Sq.  Ft  of 
Grate 


to  Bollor, 
Pounds 
por  Hoor 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  2120  F..  POUNDS 


Per  Hour 
per  S<I.  Ft 
of  Fire 
Heatinf;  Sur. 


Dfy°Fuel 


Power 

(34>4U.ofE.) 


Efficiency 
of  Boiler, 


Draft 
Bade 
of 
Pia^U 


Pressure 

In 

Brandi  Pipe, 
Peuade 
p«  S<1.  In. 


Superheat 


Branch 

Pip. 


338 


345 


347 


360 


220 


1200.423 
1200«422 

1200.424 

12CX}.42S 

1200*428 

1200*426 

1200*427 


1921 

2381 

3264 

5017 

S1S3 

5328 


39*46 

48*93 

67*06 

|108*U 

105*48 

109*40 

106*93 


14658 

17766 

23515 

30430 

31896 

31263 

32458 


17781 

21530 

28390 

87176 

38192 

88119 

39625 


7,10 

8*59 

11*33 

14*64 

15*25 

15*21 

15*82 


9*26 

9*04 

8*70 

7*41 

7*44 

7*16 

7*48 


515*4 

624*1 

822*9 

1077*6 

1107*0 

1104*7 

1148*5 


69*18 

67*54 

65*00 

55*36 

55*66 

53*49 


1.2 

1.9 

3,0 

4*6 

4.8 

4*8 

5*1 


E 

NGINE  1 

PERFORMANCE 

LOCOMOTIVE  PERFORMA 

NCE 

TEST 

Dry  Steam 
to 

Indicated 

Dry  Fuel 
l>«f 

Dry  Steam 
PW 

Front 

Drawbar 

Dynamometer 

Of 

Dry  Fuel 
per 

Dry  Steam 

Machint 

Efficiency 

Thermal 

Effidency 

BsSianst 

NUMBER 

Enginti, 

Horse 

Indicated 

ladicated 

Pull, 

Drasrbar 

Dyoamum. 

Dyaamom. 

of 

of 

R6»l» 

Pounds 
per  Hour 

Power 

Horse 

Power  Hour, 
Pounds 

Horse 

Power  Hour, 
Poundi 

Bid 

Pounds 

Horse 

Power 

Horse 

Power  Hour, 
Poundi 

Harse 

Powur  Hour, 

PMMs 

Lecofflotive, 
Per  Cent 

LecoaMdive, 

percent, 

(BtMdanFaal) 

Dianeter 

1 

1 214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

1200,42s{ 

1 14276 

14282 

489*9 

3*92 

29*14 

5*02 

5^50 

1200*422 

17601 

t»  I 

18695 

641*3 

3*71 

27*29 

5*31 

«» 

1200*424^ 

229S7 

It 

24560 

843*2 

3*87 

27*20 

5,09 

fi 

1200,42S 

1 30062 

It 

20316 

1047,7 

4*79 

28*69 

4,U 

m 

1200,42d 

30897 

n 

20600 

1060*0 

4*84 

29*15 

3,98 

m 

1200*422 

30676 

M 1 

20472 

1053*4 

5*05 

29*31 

3,90 

m 

L2X*427 

32046 

1 

M 1 

21154 

1089*0 

4*67 

29*43 

5,90 

m 

Table  11. 

Results  of  tests  of  baffle  plate  front  end,  H6b  class  locomotive. 
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M.  P.  894  A— aiKth  Sheet 

LOCOMOTIVE: 

TYPE 

CLASS  W1» 
NUMBER  2860 


Pennsylvania  Railroad  Company 

Philedelphie,  Beltimore  & Wnhlngton  Heilreed  Compi«)r 
Northern  Centre!  Reilwey  Compeny 
Weet  Jereey  & Seeehore  Reilroed  Company 
XEBX  DEPARTMENT 


FUEL : ...  Jniaon 
CO«l 


Average  Results  of  Locomotive  Tests 
SUBJECT  ; Self  Clowaizjg  Front  Altoona,  PA.,8-29rXW0 


TEST 

NUMBER 


RUNNING  CONDITIONS 


TEST 

DESIGNATION 


Duration 

of 

Teit, 


Throttle 
Opening, 
full  or 
Partial 


Actual 
Cut-off 
Per  Cent, 
H.  P. 
Cyllndera 


Dr  Aft 
In 

Firebox 


boiler  PERFORMANCE 


Pretiure 
In  Boiler, 
Lbt.  per 
Sq.  Inch 


Smoke  Box, 
Inchet 
of  Water 


Draft  I Calorific 

Value 

A>h  Pan,  | of  Dry 

Fuel, 

of  Water  |B.  T.  U.  perLb. 


Clndert 
Collected  In 
Smoke  Bex, 
Pound! 


R.  P.  M.  Cut-oH  Throttle 


288  to  271 


21 1 


222 


225 


246 


^ord|  X3390 

13390 
12444 
14315 
14315 


238 


1200«436 

1200«4S5 

1200.437 

1200.447 

1200.448 


80-20>eF 

80-40-? 

120.40.P 

120-40-? 

120-45-? 


1.0 

2.0 

1.6 

1.5 

1.0 


12.86 

12.86 

19.30 

19.23 

19.23 


Full 


0.4 

1.2 

1.6 

2.1 

2.4 


151.9 

204*0 

179.4 

200.4 
188.3 


0.9 

3.0 

4.1 
4.7 

5.1 


0.1 

0.2 

0.1 

0.2 


39 

0 

76 

88 

136 


BOILER  PERFORMANCE 


ENGINE  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 


Per 

Hour 


Pound 

of 

Dry  Fuel 


Power 

(34HU.ofE.) 


Efficiency 
of  Boiler, 
Based 


Draft 

Bade 

of 

Dlaph. 


Branch  Pipe, 
Pounds 
per  Sq.  In. 


Superheat 

In 

Branch 

Pip. 

Degrees  F. 


339 


345 


II  220 


1200.436 
1200.435 

1200.437 

1200.447 

1200.448 


1712 

3346 

4547 


5947 


35.18 

68.77 

93.44 

110*21 

122.20 


13512 

23467 

28258 

30642 

31208 


16147 

28492 

34356 

37242 

38004 


6.45 

11.37 

13,71 

14.87 

16.17 


9.43 

8.52 

7,56 

6,95 

6.39 


468.0 

825.9 

995.8 

1079,6 

1101.5 


68,02 

61.45 

58.67 

46,89 

43.11 


0.8 

2.8 

3.6 

4.4 

4,9 


TEST 

NUMBER 


ENGINE  PERFORMANCE 


Dry  Steam 


Engines, 

Pounds 


Indicated 

Horse 

Power 


Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 


Front 


LOCOMOTIVE  PERFORMANCE 


Drawbar 

Pull, 

Pounds 


Dynamometer 


Dry  Fuel 
per 

Dynamom. 


Power  Hour, 
Pounds 


Dry  Staam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent* 


Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
Based  on  Fuel! 


‘Badxa.vaX 

Hosele 

Diamdter 


214 


379 


380 


265 


383 


385 


398 


399 


1200.43( 

1200.43S 

1200.431 

1200,447 

1200.441 


13161 

23104 

27916 

30252 

30830 


Fi«,23 


9907 

24819 

16228 

21015 

Jto662 


339.8 
851.4 

937.9 

1077.6 

1069.7 


5,04 

3.» 

4.85 

4.98 

5.56 


38.71 

27.14 

29.76 

26.07 

28,82 


3.77 

4,84 

4.22 

3,67 

3.20 


5.625 


Table  12. 

Results  of  tests  of  Buffalo  front  end,  H6b  class  locomotive. 
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M^P.  304  A-Sii;h  Sheet 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE 

CLASS  

NUMBER  286P  Average  Results  of  Locomotive  Tests 

SUBJECT  ; Self  deaziUie  Front  End,  Altoona,  Pa 


Phtlidvlphio,  Beliimore  & Wnhington  Reilretd  Compony 
Northtm  Central  Railway  Company 
Watt  Jof^ty  & Saaihore  Railroad  Company 
XEST  DEPARTMENT 


FUEL 


Janison 

Coal 


6*^1910 


TEST 

NUMBER 

RUNNING  CONDITIONS 

1 BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Fuil  or 
Partial 

Actual 

Cut-off 

Per  Cert,, 

H.  P. 
Cylinders 

Draft 

m 

fireIxH 

Pressure 

In  Boiler, 
Lbs,  per 

Sq.  inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.  T.  U.  per  Lb. 

Cinders 

Collected  In 

Smoke  Bex, 

Pounds 
ptr  Hour 

1.  F.  a.  Giil-oft  Thiohle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

iiiii 

mvt 

e0-20«F 

80^0.? 

120u40-f 

120-40-P 

120-45*7 

2 

2 

1 

1 

12.82 

12.82 

19.23 

19.23 

19.23 

fall 

M 

M 

• 

U 

0.6 

1.8 

1.9 

1.3 

1.9 

204.9 
203.5 

182.4 

165.4 

178.9 

1.6 

3.3 

4.6 

3.5 

5.0 

Ho 

Beoord 

• 

M 

.1 

1S444 

N 

N 

m 

m 

16 

22 

61 

67 

11 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENSINE  PEF 

IFORMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hoor. 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212<»  F..  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofE.) 

Efficiency 
of  Bollor, 
Based 
on 

Fuel 

Draft 

Back 

Of 

Diapb. 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq.  In. 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 

Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

34S 

347 

349 

360 

990 

230 

1200«441 

I200«43e 

I200«4S9 

1200.442 

L200.440 

1982 

3468 

4564 

4272 

4657 

40.73 

71.27 

98.79 

87.80 
95.71 

14785 

2S681 

28291 

25506 

29820 

17927 

23T66 

S4419 

30967 

36302 

7.16 

U.4f 

18.74 

12.36 

14.49 

9.06 

6.29 

7.84 

7.26 

7.80 

519.6 

633.6 

997.6 
897.3 

1082.8 

70.28 

64.34 

58.52 

56.26 

60.54 

1.3 

3.7 

4.0 

2.8 

4.0 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hoor, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 

front  j 

Bnd 

Drawbar 

Pull, 

1 Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamem. 

Horse 

Power  Hour, 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Lecomoilve, 
per  Cent, 

TbAiaoBt 

Hoisle 

Dlnatar 

214 

379 

380 

381 

1 265 

383 

384 

386 

398 

399 

1200.441 

14561 

nc.84  1 

14920 

510.1 

3.89 

28.65 

5.26 

5.626 

1200.438 

2S859 

H 

24908 

851.6 

4.07 

27.43 

5.02 

5.626 

L200.4S9 

27949 

« 

1866S 

957.0 

4.77 

29.20 

4.29 

5.626 

L200.442 

25199 

16330 

852.7 

5.01 

29.55 

4.08 

5.50 

1200.440 

29459 

■ 

19396 

994.5 

4.68 

29.62 

4.87 

5.625 

Table  13. 

Results  of  tests  of  Sunbury  front  end,  H6b  class  locomotive. 
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M.  F 3»4  A-SixOi  Sheet 
H \ li'>5 

LOCOMOTIVE: 

TYPE  Zf-0^ 
CLASS  E6b 
NUMBER  2860 


Pennsylvania  Railroad  Company 

Phil»d«ipkii,  Baliimor«  A Waahiiigten  Raitrtad  Company 
Northarn  Central  Railway  Company 
Waat  Jaraey  & Saashora  Railroad  Company 


TES'r  DERARXMENX 


FUEL:  Jcailaon 
Coal 


Average  Results  of  Locomotive  Tests 
SUBJECT  :3aXf  Oloanlag  Front  aid  Altoona,  Pa  , 6-29-1910 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Teal, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 
, Cut-aP 
■'Per  Cent.. 

H.  P, 
Cylinders 

Draft 

in 

Plrabox 

Pressure 

In  Bollrr, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inchos 
of  Water 

Draft 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuol. 

B.T.U.porLb. 

cinders 

Collected  In 

Smoke  Box, 

Pounds 
per  Hour 

1.  P.  M.  Cut.«ft  Thiollle 

196 

199 

203 

268  to  271 

217 

222 

225 

246 

238 

1200.432 

80-20-P 

2.0 

12.86 

Pall 

0.6 

200.3 

1.7 

0.1 

13390 

9 

1200.4&2 

80-80-P 

2.0 

12.78 

m 

1.2 

204.9 

3.6 

0.1 

15668 

0 

1200.429 

eo-40-.F 

2.0 

12.86 

m 

1.1 

204.5 

4.0 

0.1 

13390 

4 

1200.461 

100-45-F 

1.6 

15.98 

m 

2.0 

200.6 

7.3 

0.1 

13666 

11 

1200.490 

120-40-F 

1.6 

19.30 

m 

1.B 

195.8 

6*3 

0.2 

13390 

8 

1200.491 

120^&-P 

1.0 

19.30 

m 

2.1 

203.7 

6.9 

0.2 

13390 

12 

1200.444 

120-46-F 

1.0 

19.28 

m 

1.7 

190.6 

6.1 

Vo 

14316 

22 

U00.445 

120-45-F 

1.0 

19*23 

m 

2.3 

194.6 

6.8 

Record 

14315 

29 

1200.446 

120-46>^ 

1.0 

19.23 

m 

1.9 

204.9 

6.8 

0.1 

14315 

17 

\»0.494 

120-60*-F 

li£= 

19>30 

n 

2.3 

191.1 

7.4 

0.2 

13390 

U 

RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


BOILER  PERFORMANCE 


ENGINE  PERFOnyANCE 


TEST 

NUMBER 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuol 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 
FROM  AND  AT  2120  p.,  POUNDS 

Soller 

Horse 

Power 

(34ViU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Draft 

Baok 

of 

Dianh. 

Pressure 

In 

Branch  Pipe, 
Peueds 
perSq  In 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

Heal'g'lur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

360 

220 

230 

1200.432 

1923 

39.32 

14723 

17906 

7,16 

9.31 

519.0 

67.15 

1.1 

1200.462 

2700 

56*49 

21731 

26157 

10.44 

9.69 

758,2 

67,39 

2,6 

1200.429 

3333 

68.47 

23995 

29230 

11.68 

6.78 

847.8 

63.33 

2.6 

1200.4EI 

6222 

107.32 

33315 

40074 

16.00 

7,67 

1161.6 

53.34 

5.1 

1200.480 

6290 

108.71 

30521 

37265 

14.67 

7.04 

loeo.i 

60,78 

4.4 

1200.431 

5342 

109.78 

33098 

40376 

16.12 

7.66 

1170,3 

54,53 

4.7 

1200.444 

5473 

112.47 

31622 

36511 

15.37 

7.04 

1116.3 

47,60 

4,8 

1200.445 

6947 

122.20 

32200 

39187 

15.64 

6.59 

1135,8 

44,46 

5.1 

1200.446 

6097 

125.29 

33722 

41006 

16.37 

6.73 

1186.5 

46,40 

4.9 

1^0^494 

34256 

41734 

16.66 

7.61 

1209.6 

56.33 

5.2  1 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horae 

Power 

Dry  Fuel 

per 

Indicated 

Horse 

Power  Hour, 
_P2undi_ 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Front  I 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locemetlve, 

Percent 

Thnrnsal 

Efficinney 

of 

Lecometive, 
per  Cent, 

( Bund  en  Fuel  1 

EShttit 

Bbisltt 

)laBeter 

214 

879 

380 

381 

1 265 

383 

384 

385 

398 

399 

1200.481 

14516 

14830 

508.8 

3.78 

28.58 

6.03 

5.625 

1200.458 

zovtz 

m 

22638 

768.8 

3.51 

27.30 

5.22 

« 

1200.429 

23502 

« 

24889 

663.9 

3.90 

27.62 

4.87 

m 

1200.461 

32889 

■ 

26967 

1149,1 

4.64 

28.62 

6.04 

• 

1200.480 

30152 

m 

20156 

1037,1 

5.10 

29.07 

8.73 

« 

1200.481 

32696 

m 

21398 

1101.4 

4.86 

29.70 

3.92 

a 

1200.444 

31289 

m 

20609 

1067.0 

5.13 

29.28 

3,47 

a 

1200.44E 

31810 

m 

21427 

1096.7 

5.41 

28.96 

3.29 

a 

ML 

m 

m 1 

\m 

HM 

B.S7 

4-78 

29.22 

3.81 

■J.WI 

a 

a 

Table  14. 

Results  of  tests  of  Linos  West  front  end,  H6b  class  locomotive. 
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GRAPHICAL  LOGS  OF  TESTS. 

A graphical  log  is  made  for  each  test  to  show 
the  conditions  at  each  ten-minute  interval,  and  to 
indicate  any  irregularity  in  the  weights  of  coal 
and  water  during  the  run.  These  diagrams  are 
on  file  with  the  Test  Plant  records.  A few  repre- 
sentative ones  only  being  shown  here. 


67 


M P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


Sheet  No  P-331 

Self  CleanlBg  Front  Bad 


Wear  JCHsrv  <1  Scashurc  Railroad  Comranv 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


NO 


Altoona.  Pa  , 11-28-1912 


UPPER  FIGURES  R.  P.  M 
LOWER  F IGU  R ES  A PPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

T YPE  4-4-2 

Class 

Number  6266 


Spe«a 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

Partal 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

38.2 

160 

27 

P 

5.91 

Test  No. 


Sh  eet  No. 


917 


P-331 
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Sheet  No. 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

pHH.»0£LPHiA.  Baltimore  a Wasmiroton  Railroad  Compant 
Northerh  Central  Railway  Company 
West  Jersey  & Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


No. 


Self  Cleaning  Front  End 


Altoona.  Pa  7-3-1907 


UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-4-fi 
Class 
Number 


so  I <0  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

HevolutlORS 

per 

Minuto 

Cut-olF 

Per  Cent., 

H.  P. 
CyllMleri 

Throttle 

Opening 

Full 

or 

Pertisl 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

38,2 

160 

32 

F 

5,76 

Test  No.  900,8 


P.P332 
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M.  P.  Experimental  D-1 

li  « i»ii 

Pennsylvania  Railroad  Company 

Philaoclphia,  Baltimore  A Washington  Railroad  Company 

Northern  Central  Railway  Company 

West  Jersey  A.  Seashore  Railroad  Company 

Hi  IftH 

Sheet  No.  P-3S3 

TEST  DEPARTMENT 

Bulletin  NO 

9 

Graphical  Log  of  Locomotive 

Test 

Self  Clesnlog  Front  isad 

AnooKA.  Pa  , 

8-6-1907 

UPS*ER  FIGURES  R.  P.  N1  . 
LOWER  FIGURES  ARPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-4-2 
Class 


40  SO  to  20  30  40  SO  g to 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Number  6266 


Soo’it 

Mil..; 

■ per 
Ho.,r 

Rcvoiotions 

Cut-off 

Per  Cent., 

H.  P. 
Cylinder^ 

Throttle  1 
Openina 
Ful' 

Partial 

1 Evaporatio'. 

1 Pounds  of 

Water  per 
Pound  of 

Coal 

87  cS 

160 

27 

Pail 

6c6 

test  No.  900.2S 


Sh  eet  No. 


P-333 


0 
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M.  P.  Experiment*!  D-1 

PENNSYLVANIA  RAILROAD  COMPANY 


pHIlAOetPHlA,  Baltimou*  * 

Northcrn  Ccniral  Railway  Company 

Well  JERatY  & SCAEHORE  RAILROAD  COMPANY 


Sheet  No. 


TEST  DEPARTMENT  Bull«tln  NO 

Graphical  Log  of  Locomotive  Test 


Self  Clafttilng  Front  Bid 


Altoona,  Pa  . 


8-12-1907 


:■  UPPER  FIGURES  P.  P.  M 
LOWER  FIGURES  APPROX 
SPEED  IN  MILES  PER  HOUR 


L.OCOMOTI  VE 

Type  4-4-2 
Class  B2a 
Number 


30  AO  SO  I 

LENGTH  OF  TEST- 


30  40  so  2 'O 

MINUTES  AND  HOURS 


5266 


speed 

Mile« 

per 

Hour 

Revolutions 

per 

Minute 

Cul-olf 

Per  Cent.. 

H.  p. 
Cyllmters 

Throttle 

Opemntr 

Full 

Pai-t-ai 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37.6 

160 

SO 

Toll 

So4 

Test  No.  900.29 


N o 
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Sheet  No 


M.  P.  Experimental  D-1 

PENNSYLVANIA  RAILROAD  COMPANY 

PMutoctPHiA,  B*i.Tmo(K  & WAe»HMrr(M  Raiuioao  Company 
Nortneiw  Ccntral  Railway  Company 
Wear  Jean  A Scashorc  Railnoao  Company 

TEST  DEPARTMENT  Bolletla  NO  9 

Graphical.  Log  of  Locomotive  Test 


Self  ciseaisie  Trent  Eb& 


UPPER  FIGURES  R.  P.  M. 
COWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 
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PENNSYLVANIA  RAILROAD  COMPANY 


Locomotive  Testing  Plant 

AT 

ALTOONA,  PENNA. 


BULLETIN  No.  lO 


TESTS  OF  A MODIFIED 
CLASS  H8SB  LOCOMOTIVE 


Copyright,  1914,  by  Pbinnstlvania  Railroad  Company 


1914 


CONSOLIDATION  TYPE  FREIGHT  LOCOMOTIVE  1256. 

Pennsylvania  Railroad  Company  Class  H8b  (Saturated  Steam).  A locomotive  of  the  same  class  as  No. 

1134,  the  one  tested. 


CONSOLIDATION  TYPE  FREIGHT  LOCOMOTIVE  3473. 

Pennsylvania  Railroad  Company  Class  H9s  (Superheated  Steam).  The  locomotive  tested,  No.  387,  class  H8sb, 
with  25-inch  cylinders,  is  the  same  as  the  H9s  class,  except  for  a few  minor  details. 


(2) 


LOCOMOTIVE  TESTING  PLANT. 


TESTS  OF  A CLASS  H8sb  CONSOLIDATION  TYPE 
LOCOMOTIVE  WITH  CYLINDERS  25  INCHES 
IN  DIAMETER. 


Conclusions  and  recommendations  on  pages  107  to  109. 
Index  on  page  147. 


Tests  of  Simple  Consolidation  Type  Locomotives  with 
Saturated  and  Superheated  Steam,  Showing  that,  by 
THE  Use  of  Highly  Superheated  Steam  in  Enlarged 
Cylinders,  the  H8b  Locomotive  is  Made  More  Power- 
ful AND  More  Economical  in  Fuel  and  Water, 


INTRODUCTION. 

1.  The  Pennsylvania  Railroad  Company  adopted  early 
the  consolidation  locomotive  for  freight  service,  securing  one  of 
this  t}’pe  from  the  Baldwin  Locomotive  Works  in  1873,  and  ex- 
hibiting one,  built  at  Altoona,  a class  I,  now  known  as  class  HI, 
at  the  Centennial  Exhibition  in  Philadelphia  in  1876. 

2.  The  HI  locomotive  carried  125  pounds  boiler  pressure 
and  had  cylinders  20  inches  in  diameter  with  a stroke  24  inches, 
a total  weight  in  working  order  of  95,700  pounds  and  a tractive 
force  of  19,200  pounds.  In  1886,  or  ten  years  later,  the  class 
R,  now  known  as  the  class  H3,  consolidation  locomotive,  an 
improved  form,  was  built  at  Altoona;  the  steam  pressure  was 
140  pounds  with  cylinders  the  same  size  as  in  the  earlier  design. 
The  total  weight  in  working  order  was  1 14,620  pounds,  and  the 
tractive  force  21,504  pounds. 

3.  In  common  with  many  other  large  railroads,  the  Penn- 
sylvania has  adhered  to  the  consolidation  locomotive  for  the 
past  37  years,  and  it  is  yet  the  prevailing  type  for  heavy  freight 
service  on  this  railroad. 
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4.  The  economies  to  be  obtained  by  the  operation  of  trains 
of  large  tonnage  have  been  the  cause  of  an  unceasing  call  for  more 
powerful  locomotives,  and  following  the  H3  class  of  1893  there 
were  brought  out  the  H6,  H6a,  and  H6b,  each  with  a tractive 
force  of  39,688  pounds.  Tests  of  an  H6a  locomotive  were  made 
at  the  Louisiana  Purchase  Exposition  in  1904  and  are  recorded 
in  Bulletin  No.  4 and  also  in  the  report  of  the  St.  Louis  tests  of 
that  year.  In  1908  a further  increase  in  size  of  freight  loco- 
motive was  made  in  a design  known  as  the  H8  class,  with  a trac- 
tive force  of  42,661  pounds.  In  1912,  with  a view  of  increasing 
both  the  economy  and  power  of  the  H8  locomotive,  superheaters 
of  the  Schmidt  type  were  installed  in  many  of  their  boilers. 

5.  These  locomotives  have  cylinders  24  inches  in  diameter 
with  a 28-inch  stroke.  Their  total  weight  in  working  order  is 
249,500  pounds,  and  they  carry  a working  presstu-e  of  205  pounds 
per  square  inch. 

6.  With  the  idea  of  providing  a more  suitable  cylinder  diam- 
eter for  these  consolidation  locomotives,  when  using  superheated 
steam,  the  cylinders  on  a single  locomotive  No.  387  were  in- 
creased in  diameter  to  25  inches.  The  revsults  obtained  in  road 
service  after  this  change  show  an  improvement  in  the  p)erform- 
ance  of  the  locomotive,  and  this  is  further  confirmed  by  the 
tests  shown  in  this  report.  During  the  present  year,  many  loco- 
motives similar  in  design  have  been  built.  These  new  locomo- 
tives are  known  as  the  H9s  class  and  are  the  heaviest  loco- 
motive of  this  type  on  the  Pennsylvania  Railroad  at  this  date 
(January  1,  1914).  Their  total  weight  in  working  order  is  approx- 
imately 251,900  pounds  and  they  have  a tractive  force  of  46,290 
pounds. 


Description  of  Locomotive. 

7.  Locomotive  387  is  of  the  simple  consolidation  type.  It 
was  built  at  Juniata  Shops,  by  the  Pennsylvania  Railroad 
Company  in  June,  1909,  and,  at  that  time,  was  of  the  H8b  design 
to  use  saturated  steam.  In  December,  1912,  this  locomotive  had 
a superheater  applied  and  its  cylinders  increased  from  24  to  25 
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Fig.  1. 

LOCOMOTIVE  1134,  CLASS  H8b  (Saturated  Steam). 

Locomotive  in  position  for  test  on  Test  Plant,  Pennsylvania  Railroad  Company,  Altoona,  Pa. 
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Fig.  2. 

LOCOMOTIVE  387,  CLASS  H8sb,  WITH  25-INCH  CYLINDERS  (Superheated  Steam). 
In  position  for  test. 
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inches  in  diameter.  Its  classification  was  then  changed  to  H8sb, 
although,  because  of  the  25-inch  cylinders,  it  thus  became  virtually 
the  first  locomotive  of  the  H9s  class.  It  was  hand  fired  and  had 
a brick  arch. 

8.  The  H9s  locomotive  is  the  outcome  of  an  effort  to  obtain 
greater  power  and  more  economical  performance  by  the  use  of 
superheated  steam  and  enlarged  cylinders.  It  has  a heating 
surface  (fireside)  of  3536.6  square  feet,  while  its  predecessor, 
the  H8b  saturated  steam  locomotive,  has  3403.2  square  feet. 
This  is  an  increase  of  3.9  per  cent,  in  the  heating  surface  due  to 
a rearrangement  of  tubes  in  the  boiler,  which  was  necessitated 
by  the  application  of  the  superheater. 

9.  The  general  dimensions  of  this  modified  H8sb  locomotive, 
No.  387,  from  measurements,  are  as  follows: 


Total  weight  in  working  order,  pounds._ 249,500 

Weight  on  drivers,  working  order,  pounds 219,900 

Cylinders  (simple),  inches 25  x 28 

Diameter  of  drivers,  inches 62 

Heating  surface  in  tubes  (water  side),  square  feet 2840.21 

Firebox  heating  surface  (fireside),  including  arch  tubes, 

square  feet 189 . 90 

. Heating  surface  of  superheater  (fireside) 808.98 

Total  heating  surface  (based  on  fireside  of  firebox  and 
superheater  and  water  side  of  tubes),  including  super-  , 

heater  and  arch  tubes,  square  feet 3839.09 

Total  heating  surface  (based  on  fireside),  including  super- 
heater and  arch  tubes,  square  feet 3536 . 55 

Grate  area,  square  feet 55  34 

Boiler  pressure,  pounds  per  square  inch : 205 

Valves,  type 14  in.  Piston 

Valve  motion Walschaerts 

Firebox,  type Wide,  Belpaire 

Number  of  tubes... 265 

Number  of  flues  (for  superheater) 36 

Outside  diameter  of  tubes,  inches 2 

Outside  diameter  of  flues,  inches 5| 

Length  of  tubes,  inches...... 180. 19 
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10.  The  maximum  calculated  tractive  effort  at  starting  is 
46,290  pounds,  with  80  per  cent,  of  the  boiler,  pressure  available 
as  mean  effective  pressure  in  the  cylinders.  This  is  equivalent 
to  282.2  pounds  drawbar  pull  per  pound  of  mean  effective 
pressure.  The  ratio  of  the  weight  on  drivers  to  the  calculated 
tractive  effort  is  4.75. 

Gjsnerai,  Arrangement. 

1 1 . The  general  arrangement  of  locomotive  387  is  shown  in 
Fig.  3 and  cross-sections  are  shown  in  Fig.  4. 

BoieER. 

12.  The  boiler.  Fig.  5,  is  of  the  Belpaire  type  with  a wide 
grate.  It  contains  265  tubes,  2 inches  outside  diameter  and  15 
feet  long,  and  36  flues,  5f  inches  outside  diameter,  for  super- 
heater elements.  The  feed  water  from  the  injectors  is  con- 
ducted through  a pipe  2|  inches  in  diameter,  extending  from 
the  back  head  of  the  boiler  to  a point  36  inches  from  the  front 
tube  sheet.  Fig.  6 shows  the  front  and  back  tube  sheets. 

13.  The  boiler  has  a sloping  back  head  and  throat  sheet.  It 
is  equipped  with  a Schmidt  type  superheater  and  with  a brick 
arch  carried  on  three  3-inch  water  tubes. 


Grates. 

14.  The  grate  arrangement  is  shown  in  Fig.  7.  The  grate 
rests  on  a cast-iron  centre  bearer  10  inches  wide,  running  longitu- 
dinally with  the  firebox,  and  on  frames  attached  to  the  sides  of 
the  firebox.  The  grate  is  separated  by  the  centre  grate  bearer 
into  two  sections.  Each  section  consists  of  a drop  grate  at 
both  the  front  and  back  ends  of  the  firebox,  and  separating  these 
from  the  shaking  grates  are  small  fixed  grates.  The  shaking 
grates  are  of  the  interlocking  finger  type  and  can  be  shaken  in 
two  separate  sections. 

15.  The  grates  slope  from  the  side  of  the  firebox  toward  the 
centre  grate  bearer  and  the  whole  grate  slopes  from  the  rear 
toward  the  front  end  of  the  firebox. 
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GENERAL  ARRANGEMENT. 
Class  H8sb  Locomotive  387. 


SCALE  . FEET  A INCHES. 
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END  ELEVATIONS  AND  CROSS  SECTION. 
Class  H8sb  Locomotive  387. 
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Fig. 
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16.  The  whole  grate  has  an  area  of  55.34  square  feet,  of 
which  the  shaking  portion  is  25.76  square  feet.  The  dimensions 
of  the  grate  are  6 feet  wide  and  9 feet  2f  inches  long. 


“®’F^72”xioeviNsire  sheets. scale,  feet  a inches. 


Fig.  6. 

TUBE  SHEETS. 

Class  H8sb  Locomotive  387, 


17.  The  ashpan  is  of  the  self-cleaning  type  and  is  operated 
from  the  side  of  the  locomotive. 

Smoke  BOX. 

18.  The  smokebox,  designed  to  be  self-cleaning,  is  shown  in 
Fig.  8.  It  has  an  exhaust  pipe  14|  inches  high.  The  exhaust 
nozzle  (Fig.  9),  rectangular  in  shape,  is  4f  x 6J  inches,  with  an 
area  of  30.88  square  inches.  A lift  pipe,  17  inches  inside  diam- 
eter, extends  from  a point  17|  inches  above  the  exhaust  nozzle 
to  connect  with  the  stack  which  tapers  to  an  inside  diameter  of 
19  inches  at  the  top. 

19.  A sloping  wire  mesh  netting  extends  from  the  top  of  the 
smokebox  to  the  edge  of  the  diaphragm  plate  which  projects  18 
inches  beyond  the  vertical  centre  line  of  the  exhaust  pipe. 


23%”- 
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Fig.  7. 


GRATE  AND  ASHPAN. 
Class  H8sb  Locomotive  387. 
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20.  In  the  arrangement  used  in  the  tests  the  diaphragm  or 
table  plate  was  horizontal,  where  it  crossed  the  center  line  of  the 
exhaust  nozzle  at  a height  of  15f  inches  above  the  bottom  of  the 
smokebox.  This  smokebox  was  found  to  be  self-cleaning.  A final 
arrangement  of  self -cleaning  front  end  is  described  in  Pars.  49  to  54. 


^ f ^ ? T ? ? T 

SCALE  .FEET  A INCHES. 


SMOKEBOX  ARRANGEMENT. 
Class  HSsd  Locomotive  387. 


Superheater. 

21 . The  superheater,  Fig.  10,  is  of  the  Schmidt  fire-tube  type. 
It  consists  of  36  elements;  each  element  has  a double  loop  in  one 
of  the  large  fire  tubes  and  extends  to  a point  within  two  feet  of 
the  firebox  end.  The  steam  in  flowing  through  the  superheater 
passes  twice  through  the  hot  gases  in  the  flue. 
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22.  The  total  heating  surface  of  the  superheater  is  808.98 
square  feet,  which  is  22.8  per  cent,  of  the  total  heating  surface 
of  the  boiler. 


Fig.  9. 

EXHAUST  NOZZLE. 
Class  H8sb  Locomotive  387. 


Cylinders. 

23.  This  locomotive  387  differs  from  the  standard  in  one 
important  particular;  the  diameter  of  its  cylinders  is  25  inches. 
The  standard  cylinders  for  this  class  of  locomotive,  when  using 
saturated  steam,  have  a diameter  of  24  inches  with  a stroke  of 
28  inches.  For  the  purpose  of  utilizing  the  full  advantage  of 
superheated  steam,  the  cylinders  applied  to  this  locomotive  were 
increased  in  diameter. 
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Fig.  11. 

CYLINDER. 

Class  H8sb  Locomotive  387. 
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24.  The  cylinders,  Fig.  11,  are  made  of  cast  iron.  The  saddle 
and  each  cylinder  are  cast  separately.  The  steam  passages  are 
direct,  but  the  exhaust  passages  have  a number  of  turns.  With 
the  application  of  a superheater,  new  steam  pipes  are  applied  as 
shown  and  these  extend  through  the  sides  of  the  smokebox  and 
connect  to  the  top  of  the  steam  chests,  thus  offering  a direct  pass- 
age from  the  superheater  header  to  the  valves.  These  outside 
steam  pipes  serve  to  prevent  excessive  expansion  or  contraction 
in  the  cylinder  saddle  which  might  occur  with  highly  superheated 
steam  conducted  through  it. 

Piston  Valves. 

25.  The  piston  valves,  Fig.  12,  are  of  the  semi-plug  type, 
14  inches  in  diameter,  made  by  the  American  Balance  Valve 


Fig.  12. 

PISTON  VALVE. 

Class  H8sb  Locomotive  387. 
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Company.  This  size  has  been  standard  for  locomotives  of  the 
H8,  H8b  and  H8sb  classes.  The  size  adopted,  however,  for  the  H9s, 
of  which  the  387  was  but  a forerunner,  is  12  inches  in  diameter. 
Tests  relative  to  the  proper  size  of  valve  will  be  the  subject  of 
Bulletin  No.  23.  The  bearing  face  of  the  valve  is  formed  by  two 
narrow  expanding  rings  connected  by  a thin  wide  ring  with  a 
number  of  “V”  shaped  grooves.  (See  Bulletin  7 for  a more 
detailed  description  and  tests.) 

Tests. 

26.  There  were  47  tests  made  with  the  H8sb  locomotive 
387.  A number  of  these  tests  have  been  omitted,  due  to  low 
steam  pressure  or  the  very  short  duration  of  the  tests,  making  the 
data  unreliable. 


27.  Thirty -nine  tests  of  the  387  are  presented  in  this  bulletin, 
and  all  were  made  with  a wide  open  throttle,  and  the  speeds  were 
from  7.2  to  30.5  miles  per  hour  with  a cut-off  ranging  from  20  to 
88  per  cent.  These  tests  are  shown  in  the  following  table,  which 
indicates  the  number  of  tests  run  under  each  speed  and  cut-off. 


Tests  Made  With  HSsb  Locomotive  No.  387 
Superheated  Steam,  25-inch  Cylinders. 


Revolu- 

tions 

Per 

Minute 
R.  P.  M. 

Miles 
Per 
Hour 
M.  P.  H. 

Nominal  Cut-off  in  Per  Cent,  of  Stroke 

20 

25 

30 

35 

40 

45 

50 

55 

58 

63 

68 

75 

- 86 

88 

40 

7.19 

1 

1 

1 

I 1 

1 

60 

10.83 

2 

1 

1 

1 

1 

1 

80 

14.44 

1 

1 

2 

1 

1 

1 

100 

17.97 

”3 

2 

1 

i 

1 

120 

21.56 

1 

i 

1 

2 

140 

25.16 

1 

1 

1 

160 

28.75 

i 

1 

1 

170 

30.50 

1 

.... 

.... 

1 

.... 

.... 

.... 

.... 

.... 

.... 

In  1912,  tests  were  made  with  class  H8b  saturated  steam 
locomotive  1134  and  the  test  results  are  shown  in  the  tables  on 
pages  121  to  131  and  on  many  of  the  diagrams. 

An  outline  of  the  test  conditions  is  given  in  the  following 
table. 


Tksts  Mad^  With  H8b  Locomotive  No.  1134 
Saturated  Steam,  24-inch  Cylinders. 


Revolutions 
Peb  Minute 

R.  P.  M. 

Miles  Per  Hour 
M.  P.  H. 

Nominal  Cut-off  in  Per  Cent,  of 

Stroke 

20 

27 

35 

42 

60 

11.0 

2 

80 

14.7 

2 

2 

100 

18.3 

2 

120 

. 

22.0 

2 

Coal  Used. 


28.  The  fuel  used  during  the  tests  was  a bituminous  coal 
mined  by  the  Jamison  Coal  and  Coke  Company  in  Westmoreland 
County,  Penna.  It  is  a run  of  mine  coal  as  used  in  freight  ser- 
vice on  this  road. 

29.  Table  VI,  column  248,  shows  the  heating  value  to  range 
from  13,330  to  14,661  B.  t.  u.  per  pound. 

30.  As  each  car  was  being  unloaded  at  the  Test  Plant 
samples  were  taken  for  analysis.  The  analysis  of  the  coal  shows 


results  as  follows : 

Proximate  Analysis. 

Fixed  Carbon,  per  cent 58.02 

Volatile  matter,  per  cent 31.59 

Moisture,  per  cent 1.20 

Ash,  per  cent 9.19 

100.00 

Sulphur,  separately  determined,  per  cent 1.44 

B.  t.  u.  per  pound,  dry 14,140 

B.  t.  u.  in  combustible — 15,590 

Ultimate  Analysis. 

Carbon,  per  cent 76.00 

Hydrogen,  per  cent 4.95 

Nitrogen,  per  cent. 1.40 

Sulphur,  per  cent. 1.79 

Ash,  per  cent. 9.98 

Oxygen  by  difference,  per  cent 5.88 


100.00 
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BOILER  PERFORMANCE. 


St^am  Pressure  and  Temperature. 

31.  The  operation  of  the  locomotive  with  regard  to  its  steam 
pressures  and  temperatures  is  shown  in  Tables  I and  II.  The 
steam  pressures  in  Table  I are  for  the  boiler,  dry  pipe,  the  super- 
heater header  (saturated  side),  return  bend  (or  the  middle  point 
of  the  superheater  length),  the  branch  pipe  and  the  exhaust 
passage. 

32.  The  boiler  pressure,  with  but  two  exceptions,  ranged 
between  198  and  206.0  pounds.  At  the  return  bend,  where  the 
steam  has  passed  through  one-half  of  a superheater  element,  the 
pressure  shows  a drop,  ranging  between  2.6  and  7.4  pounds. 
After  the  steam  had  passed  through  the  superheater  its  press- 
ure was  observed  at  the  branch  pipe.  The  maximum  drop  in 
pressure  at  this  point  was  11.0  pounds  or  5.6.  per  cent,  of  the 
boiler  pressure  (Test  No.  3217).  The  pressure  in  the  exhaust 
passage,  observed  by  steam  gage,  ranged  from  0 to  a maximum 
of  7.7  poimds. 


33.  The  steam  temperatures.  Table  II,  are  shown  for  boiler, 
branch  pipe,  exhaust  passage  and  the  superheat  in  the  exhaust 
passage.  The  superheat  in  the  branch  pipe  ranged  between  97.3 
and  210.2  degrees  Fahr.,  and  in  the  exhaust  passage  from  3.6  and 
81  degrees  Fahr. 


34.  The  temperatiu'e  in  the  firebox  and  smokebox,  together 
with  the  temperature  of  the  steam  in  the  branch  pipe  and  the 
superheat  in  degrees  Fahr.  at  the  different  rates  of  combustion, 
are  graphically  presented  in  Fig.  13.  Thus  the  temperature  in 
the  firebox  ranged  between  1780  and  2510  degrees  Fahr.  and 
that  in  the  smokebox  between  448  and  673  degrees  Fahr.  The 
rate  of  firing  is  shown  to  range  from  1000  to  7500  poimds  of 
dry  coal  per  hour. 


22 


LOCOMOTIVE: 

TYPE_„2:r:0r:^ 

CCASS  -fiS.sb No.. 


5B7 


Sheet  No — 

Tests  of  a Class  HSsb  Loopaotive, 


M.  F.  470— A 

Pennsylvania  Railroad  Company 

PWLADBIPHIA.  BALnMORB  & WASHINGTON  RAILNOAO  COJIPAIIV 

Nocthbrn  Central  Railway  Conranv 
_ Wist  Jbmnv  A Siashorb  Railroad  Conrany 

Bolletln 


TEST  DEPARTMENT 


NO. 


Altoona.  Pa. 


1-7-1914 


9rE&M  PBBSSDBSS. 


Test 

Test 

Duration 

Steam  Pressure  by  Gage  In 

No. 

of 

Dry 

Superheater 

Branch 

SchTOS'C 

Teat 

Header 

Return 

Bes Ignat ion 

Minutes 

Boiler 

Pipe 

Saturated  Side 

Bend 

Pipe 

Passage 

217 

220 

3207 

40-20-F 

120 

205.3 

203.3 

203,3 

201.2 

201.2 

0.0 

3210 

40-30-F 

120 

205.3 

205.3 

202.0 

202,0 

202.0 

0,0 

3246 

40-7&-F 

30 

206.0 

203.5 

203,3 

201.7 

200,0 

4.8 

3247 

4O-.80-F 

16 

206.0 

204.7 

204,0 

201.9 

200,7 

6.3 

3205 

60-20-P 

45 

206.8 

203.3 

202.8 

202.1 

201,2 

0,0 

3206 

60-20-F 

105 

205.9 

203.0 

202.1 

202.1 

201,7 

0.0 

3209 

60-30-F 

90 

206.0 

205.3 

204,0 

201,8 

201,5 

c.o 

3227 

60-3&-P 

90 

206.0 

204.4 

203,2 

201,3 

201,2 

l.« 

3242 

60-6e-F 

30 

206.0 

204.3 

203,5 

201,5 

198.5 

4.8 

3245 

60-75-F 

30 

203.3 

202.0 

201.3 

199,0 

194,7 

6.7 

3244 

60-8 6-F 

15 

195.0 

193.0 

192.7 

189.2 

186,0 

7,7 

3201 

60-20-F 

120 

205.8 

203.5 

203,5 

202.5 

202.4 

0,0 

3202 

80-30-F 

90 

205.3 

204.3 

203,5 

202.0 

202.0 

1.3 

3203 

80-40-P 

30 

206.0 

204.8 

204,0 

203.4 

201,5 

2.0 

3204 

80-40-P 

105 

205.5 

202.6 

201,8 

201,5 

199.4 

0,0 

3230 

80-55-F 

30 

206.0 

204.0 

203,8 

202.4 

200.0 

4,0 

3239 

80-58-F 

60 

204.9 

202.1 

202,1 

199,9 

196.7 

5.0 

3241 

80-63-F 

60 

204.7 

203.0 

203.0 

200.7 

195,9 

6,9 

3206 

100-25-F 

60 

206.3 

203.2 

203,2 

202.0 

200,8 

1.0 

3211 

100-25-P 

30 

205.8 

205.6 

203,8 

202,2 

201,0 

1.0 

3212 

100-25-P 

120 

205.5 

205.5 

203,8 

201.8 

200,8 

1.0  . 

3213 

100-40-F 

30 

203.3 

203.3 

202,0 

198.9 

197.3 

3,3 

3214 

100-40-P 

120 

202.3 

201.2 

199.5 

197.2 

195.4 

3.0 

3215 

100-4 5-P 

120 

204.6 

202.8 

201,5 

198.5 

196.2 

4,1 

3236 

100-50-F 

60 

205.4 

203.4 

203.4 

201.2 

196,6 

5.0 

3237 

100-55-P 

60 

203.4 

201.4 

201.4 

198.4 

194,6 

5,1 

3223 

120-20-P 

120 

206.0 

203.9 

203,0 

201.7 

201.1 

1.0 

3221 

120-30-P 

120 

205.9 

205.2 

203,7 

201.2 

199.8 

2.8 

3230 

120^0-P 

120 

204.3 

202.2 

201,5 

190.2 

195,3 

4.0 

3216 

120-50-F 

60 

186.1 

185.3 

184,1 

180,6 

176.3 

5,9 

3217 

120-50-P 

45 

193.0 

196.6 

195,4 

190.6 

187.0 

6,2 

3225 

140-25-P 

90 

205.6 

203.9 

202.5 

200.2 

199.4 

2.0 

3216 

140-35-F 

120 

198.3 

197.0 

196.2 

192.9 

190.5 

3.8 

3220 

140-40-F 

60 

204.9 

203.7 

202,7 

199.2 

196,0 

5.1 

3229 

160-30-F 

120 

204.9 

202^8 

202,2 

199.4 

197.7 

3.8 

3222 

160-35-F 

60 

203.3 

201.3 

200.7 

197,3 

194.7 

4,9 

3235 

160-40-p 

60 

198.7 

195.6 

196.3 

192,1 

189.1 

5,4 

3228 

170-20-P 

120 

205.8 

204.5 

202.9 

201,5 

200,3 

2.0 

3224 

170-35-F 

60 

204.1 

201.7 

200.6 

197.4 

195,4 

4«9 

Sheet  No..?.”-^^?-. 

Table  I. 


STEAM  PRESSURE. 

The  pressure  of  the  steam  as  it  flows  from  the  boiler  to  the  exhaust  nozzle  is  shown  in  this  table.  At 
the  return  bend,  where  the  steam  had  passed  through  one-half  of  the  superheater  elements,  there  was  a 
pressure  drop  ranging  from  2.6  to  7.4  pounds.  The  maximum  drop  in  pressure  at  the  branch  pipe  was  11 
pounds.  In  the  exhaust  passage  the  pressure  ranged  from  0 to  7.7  pounds. 
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Test 

No. 

Test 

Designation 

Duration 
of  Teat 
Minutes 

Temperatures  In 

Boiler 

Branoh 

Pipe 

Exhaust 

Passa^ 

Superheat  in 
Sxhaust  Passage 

3207 

40-20-P 

120 

389.7 

485.5 

220.0 

8.1 

3210 

40-30-P 

20 

309.7 

519.2 

222.2 

10.3 

3246 

40-76-P 

30 

390.0 

568,5 

262.0 

56,6 

3247 

40-88-? 

15 

390.0 

569.3 

3C6.0 

76.6 

3205 

60-20-P 

45 

309.8 

489,3 

218.7 

6.8 

3206 

60-20-? 

106 

390,5 

497,3 

220.0 

8.1 

8209 

60-30-F 

90 

390.1 

518.4 

228,0 

16.5 

3227 

60-35-F 

90 

369.9 

623,0 

226,4 

13,7 

3242 

60-66-? 

30 

390.0 

660.0 

279.6 

64,3 

3245 

60-7 5-F 

30 

389.0 

651,3 

269.3 

38,7 

3244 

60-66-? 

16 

390,0 

664.0 

314,0 

61.0 

3201 

80-20-F 

120 

389.0 

514.2 

220.0 

6.1 

3202 

30-30-P 

90 

385.7 

521.2 

218.0 

3,6 

3203 

80-40-? 

30 

389,9 

533,0 

J32.0 

15.7 

3204 

80-40-P 

105 

389,7 

539,6 

230.2 

18.3 

3238 

80-55-P 

30 

390,7 

567.0 

244.5 

21.5 

3239 

80-58-P 

60 

389,5 

580.9 

280.9 

55.1 

3241 

80-63-P 

60 

389.5 

596,3 

298.3 

67,6 

3208 

100-25-P 

60 

390.1 

545,0 

226,7 

12,0 

3211 

100-25-F 

30 

389,9 

545.6 

226,0 

14,2 

3212 

100-25-F 

120 

309.7 

542,2 

227,5 

14.6 

3213 

100-4CLP 

30 

388,9 

542,0 

232,6 

. 12,1 

3214 

100-40-P 

120 

368.6 

562,1 

231.0 

10.6 

3215 
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Table  il. 

STEAM  TEMPERATURES. 

The  steam  temperatures  correspond  with  the  pressures  shown  in  Table  I.  The  boiler  temperatui  \s  were 
obtained  from  the  steam  table;  all  other  temperatures  were  observed. 
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Fig.  13. 

FIREBOX  AND  SMOKEBOX  TEMPERATURE. 

The  temperatures  of  the  steam  in  the  branch  pipe  and  the  smokebox  gases  were  practically  constant 
after  the  combustion  rate  exceeded  100  pounds  per  square  foot  of  grate  per  hour.  Under  the  same  condi- 
tions the  temperature  in  the  firebox  increased  but  20  degrees. 
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35.  Meanwhile  the  temperature  in  the  branch  pipe  ranged 
from  486  to  596  degrees  Fahr.,  and  the  superheat  between  97  and 
210  degrees  Fahr. 

36.  It  is  observed  that,  when  the  combustion  rate  exceeds 
5500  pounds  of  coal  fired  per  hour,  which  is  equivalent  to  100 
pounds  per  square  foot  of  grate,  the  degree  of  superheat,  the 
temperature  of  the  steam  in  the  branch  pipe  and  the  temperature 
of  the  smokebox  gases  remain  practically  constant.  The  tem- 
perature in  the  firebox  shows  a tendency  to  decrease.  This  would 
indicate,  above  this  rate  of  firing,  the  greater  difficulty  in  obtain- 
ing perfect  combustion. 

Draft. 

37.  There  is  given  in  Table  III  the  draft  in  inches  of  water, 
in  front  of  diaphragm,  back  of  diaphragm,  in  firebox  and  in  ash- 
pan,  also  the  temperature  in  degrees  Fahr.  in  firebox,  smokebox 
and  of  the  steam  in  the  branch  pipe.  The  last  column  gives  the 
amount  of  coal  fired  per  square  foot  of  grate  in  pounds  per  hour 
during  the  several  tests. 

38.  Fig.  14  presents  graphically  the  relation  between  the 
rate  of  combustion  in  pounds  of  dry  coal  fired  per  square  foot  of 
grate  per  hour  and  the  draft  in  inches  of  water. 

39.  The  drafts  in  front  and  back  of  diaphragm  are  equal. 
This  is  an  unusual  result,  indicating  a very  good  front-end  per- 
formance, or  one  having  little  or  no  loss  in  draft  on  account  of 
the  presence  of  the  diaphragm.  The  draft  in  the  smokebox  in- 
creases from  0.9  to  approximately  8 inches  of  water  as  the  rate 
of  combustion  increases  from  18  to  144.6  pounds  of  coal  per  square 
foot  of  grate  per  hour. 

40.  The  draft  in  the  firebox  increases  from  0.3  to  2.8  inches  of 
water,  while  in  the  ashpan  it  ranges  between  0.04  and  0.50  inches 
of  water.  The  air  openings  into  the  ashpan  have  a total  area 
of  7.52  square  feet,  or  13.6  per  cent.,  of  the  grate  area,  and  on  ac- 
count of  the  rather  high  vacuum  in  the  ashpan  these  openings 
should  be  increased  to  about  8.5  square  feet. 

41.  The  distance  intervening  between  the  curves  indicates 
that  when  130  pounds  of  coal  are  fired  per  hour  per  square  foot 
of  grate  the  percentage  of  draft  lost  in  the  tubes  or  between  the 
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Table  Ml. 

COMBUSTION,  DRAFT  AND  TEMPERATURE. 

The  tests  are  arranged  here  according  to  the  increase  in  equivalent  evaporation.  The  vacuum  in  the 
ashpan  is  higher  than  usual,  and  the  draft  in  the  firebox  does  not  exceed  2.8  inches  of  water. 
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Fig.  14. 

DRAFT  AND  RATE  OF  COAL  BURNING. 

At  the  front  and  back  of  diaphragm  the  drafts  are  equal.  This  is  an  unusual  result,  indicating  a very  good 
front  end  performance,  as  there  was  little  or  no  loss  in  draft  due  to  the  presence  of  the  diaphragm. 
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back  of  diaphragm  and  the  firebox  was  59  per  cent.,  and  that  due 
to  the  coal  and  grate  or  between  firebox  and  ashpan  was  34  per 
cent. 


Rate  of  Combustion  and  Horse-power. 

42.  The  relation  between  the  combustion  rate  in  pounds  of 
dry  coal  fired  per  hour  per  square  foot  of  grate  and  the  power 
developed  is  illustrated  in  Fig.  15.  The  curve  for  horse-power 
indicates  that  as  the  rate  of  fiiring  increases  the  dynamometer 
horse-power  approaches  a point  beyond  which  an  increase  in  the 
firing  rate  would  produce  no  more  power,  and  it  further  shows 
that  as  the  rate  of  combustion  is  increased  the  efficiency  of  the 
boiler  drops  from  81  to  37  per  cent. 

Smokebox  Gases. 

43.  The  analysis  of  the  smokebox  gases  in  per  cent,  of  oxygen, 
carbon  monoxide,  carbon  dioxide  and  nitrogen,  together  with  the 
calorific  value  of  the  dry  coal  in  B.t.u.  per  pound,  are  shown  in 
Table  VI.  The  heat  in  the  coal  which  is  lost  by  the  presence  of 
CO  in  the  gases,  the  temperature  of  the  smokebox  in  degrees 
Fahr,  and  the  smoke  in  percentage  according  to  the  Ringelmann 
Scale  are  also  known. 

44.  While  the  volume  of  carbon  monoxide  in  the  smokebox 
gases  is  apparently  small,  ranging  from  0.0  to  2.6  per  cent.,  it  will 
be  seen  that  in  test  3238,  only  2.3  per  cent,  of  CO  means  a fuel 
waste  of  9.84  per  cent.  The  smoke  ranged  from  6 to  44  per  cent. 
The  locomotive  was  hand-fired,  and  to  this  fact,  and  to  the  presence 
of  a brick  arch  in  the  firebox  we  may  attribute  this  low  percentage 
of  smoke. 

45.  A gradual  increase  in  the  density  of  the  smoke  occurs  as 
the  rate  of  combustion  is  increased  (see  Fig.  16).  The  carbon 
monoxide  likewise  gradually  increases  until  a rate  of  combustion 
approximating  5000  poimds  of  coal  per  hour  is  reached.  There- 
after it  increases  with  great  rapidity.  This  indicates  an  insuf- 
ficient air  supply  at  the  higher  rates  of  combustion,  further 
mention  of  which  is  made  in  Pars.  103  to  105  of  this  Bulletin. 
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Table  IV. 

COMBUSTION,  GENERAL  CONDITIONS. 

The  arrangement  of  this  table  is  according  to  the  increase  in  evaporation.  The  dry  coal  fired  per  hour 
per  square  foot  of  grate  ranged  between  17.67  and  140.22  pounds  per  hour.  The  water  evaporated  per  square 
foot  of  heating  surface  per  hour  increased  from  2.63  to  9.57  pounds. 


30 


M..  P.  479- 

-A 

iJl  4-2a-12 

LOCOMOTIVE; 

Pe^Jnsylvania  Railroad  Company 

('Hi.^ADELPHiA.  Baltimore  & Washinoton  Railroad  Comrany 

Northern  Central  Railway  Company 

CLASS  HOPP  No 

.367.,. 

West  Jersey  Sc  Seashore  Railroad  Company 

TEST  DEPARTMENT 

Bullet  in  No .10 

Sheet  No 

fc'-Xi.OO 

Tests  of  a 

Class 

H8sb  Locosnotiva, 

Altoona, 

PA  1-4-1914 

RATE  OP  GCSfiBOSTION  AKD  HEAT  TRANS5ER 

rest 

Test 

Dura- 

Total 

Dry 

Hate  Of  Combustion 

Heat  Trans f- 

Heat  Transfer 

No. 

tion 

Drv 

Coal 

Dry  Coal  Fired 

Dry  Coal  per 

ered  across 

ed  across  sup 

Dosigna- 

Of 

Coal 

Fired 

Per  sq.ft, of 

sq.ft, of 

Water  Heating 

erheating  Sur 

Test 

per 

Grate  ,potmds 

Heat .Surface 

Surface  B.t.u, 

face  B.t.u, 

tion 

LJlns, 

Fired 

Hour 

per  hour 

lbs .per  hour 

Per  Minute 

Per  Minute 

235 

338 

339 

3207 

40-20-F 

120 

1955 

979 

17.67 

0.277 

183214 

8781 

3206 

60-2  0-F 

105 

2382 

1361 

24.59 

0.385 

238153 

12675 

3205 

60-20-F 

75 

1100 

1467 

26.51 

0.415 

251283 

10395 

3210 

40-30-F 

120 

2933 

1467 

26,51 

0.416 

255109 

1687S 

3201 

80-20-F 

120 

3662 

1826 

33,00 

0,516 

288334 

16944 

3209 

60-30-F 

90 

3050 

2033 

36.74 

0.575 

323178 

20170 

3223 

12C-2G-F 

120 

4290 

2145 

38.76 

0.606 

352014 

20850 

3227 

60-35-F 

90 

3519 

2346 

42.39 

0.663 

370954 

24036 

3202 

60-30-F 

90 

3733 

2489 

44,98 

0,702 

389966 

24882 

3212 

100-2  &-F 

120 

4888 

2444 

44.16 

0,691 

394623 

28537 

3228 

170-20-F 

120 

5843 

2922 

52,80 

0.826 

397192 

27489 

3208 

100-25-F 

60 

2444 

2444 

44.16 

0.691 

408386 

29926 

3211 

100-25-F 

30 

1466 

2932 

52,98 

0.829 

41C223 

30420 

3204 

80-4 0-P 

105 

5560 

3189 

57.63 

0.902 

464447 

33298 

3225 

140-25-F 

SO 

4870 

3247 

58.67 

0.918 

466796 

38493 

3203 

80-4CUF 

30 

1466 

2932 

52,98 

0.829 

478169 

32886 

3221 

120-30-F 

120 

5657 

3429 

61.96 

0.969 

485900 

36867 

3246 

40-7&-F 

30 

1756 

3512 

63,46 

0.993 

516098 

38027 

3214 

100-40-F 

12C 

8237 

4119 

74.43 

1.162 

516819 

46224 

3213 

100-40-P 

30 

2024 

4048 

73.15 

1.144 

528648 

38723 

3229 

1 60-30-F 

120 

8259 

4130 

74.63 

1.168 

546946 

46224 

3218 

140-35-F 

120 

L0195 

5098 

92.12 

1.441 

560  551 

42749 

3215 

100-4 5-F 

120 

9610 

4805 

86.83 

1.358 

560944 

46841 

3230 

120-4 0-F 

120 

9459 

4730 

85.47 

1.337 

573320 

50004 

3247 

40— 86— F 

15 

1496 

5984 

108.13 

1.689 

584348 

44061 

3238 

80-5r>-F 

30 

2922 

5S44 

105.60 

1,652 

586462 

48112 

3222 

160-3^P 

60 

5101 

5101 

92.18 

1.442 

592018 

46497 

3224 

170-3 5-F 

60 

4870 

4670 

• 88,00 

1.377 

604560 

51932 

3242 

60-68-F 

30 

2910 

5820 

105.17 

1.645 

607229 

46809 

3236 

lOO-bO-F 

60 

4697 

4897 

88,49 

1.384 

608243 

56038 

3220 

14-C-40-F 

60 

5300 

5300 

95,77 

1.498 

621938 

49662 

3245 

60-75-F 

30 

3880 

7760 

140.22 

2,193 

625350 

46537 

3216 

120-50-F 

60 

5770 

5770 

104,26 

1.631 

620756 

544  66 

3239 

80-58-F 

60 

6015 

6015 

108.69 

1,700 

620798 

55342 

3237 

100-55-F 

60 

5843 

5843 

105,68 

1.652 

638965 

54779 

3235 

160-40-F 

60 

5505 

5585 

100,92 

1.579 

638543 

57475 

3217 

120-50-P 

45 

4702 

6269 

113.28 

1.772 

648125 

58352 

3244 

60-8  6-P 

15 

1699 

6796 

122.80 

1.921 

663216 

55780 

3241 

80-63-P 

60 

5144 

5144 

92.95 

1.454 

667237 

64143 

Sheet  No.  P-llSS 

Table  V. 

RATE  OF  COMBUSTION  AND  HEAT  TRANSFER. 

A comparison  of  the  heat  transfer  across  the  water  heating  and  across  the  superheating  surfaces  shows 
that  the  heat  absorbed  by  the  superheater  was  less  than  10  per  cent  of  that  absorbed  by  the  water  heating 
surface. 
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COMBUSTION  RATE  WITH  RESULTING  DYNAMOMETER  HORSE-POWER  AND  EFFICIENCY. 

The  horse-power  curve  approaches  a point  at  which  the  increase  in  the  rate  of  firing  has  no  effect  toward 
increasing  the  dynamometer  horse-power.  The  efficiency  decreases  with  the  increase  in  power  and  rate  of 
firing. 


Rate  op  Combustion. 


46.  The  general  conditions  relating  to  the  combustion  rate 
for  this  locomotive  are  given  in  Table  IV.  The  boiler  pressure 
(column  217)  was  well  maintained  throughout  the  tests.  The 
dry  coal  fired  per  hour  per  square  foot  of  grate  ranged  between 
17.67  and  140.22  pounds  per  hour  (column  339).  The  total  water 
evaporated  per  hour  per  square  foot  of  heating  surface  increased 
with  the  rate  of  combustion  from  2.63  to  9.57  pounds. 

47.  In  Table  V are  given  the  total  dry  coal  fired  in  pounds, 
the  dry  coal  fired  per  hour  in  pounds,  dry  coal  fired  per  square  foot 
grate  in  pounds  per  hour,  and  per  square  foot  of  heating  surface 
per  hour,  the  heat  transferred  across  the  water  heating  surface 
in  B.t.u.  per  minute  and  likewise  across  the  superheating  siudace. 

48.  The  heat  transferred  across  the  water  heating  surface 
ranged  from  183,214  to  667,237  B.t.u.  per  minute,  and  that 
across  the  superheater  heating  surface  from  8781  to  64,143 
B.t.u.  per  minute.  The  heat  absorbed  by  the  superheater  is  thus  less 
than  ten  per  cent,  of  that  absorbed  by  the  water  heating  surface. 


Stack  and  Nozzle. 

49.  This  locomotive  was  equipped  with  a rectangular  nozzle 
with  an  opening  4f  by  6J  inches  (see  Fig.  9),  a self-cleaning  front 
end  with  a lift  pipe  17  inches  in  diameter  and  a stack  tapering  to 
19  inches  in  diameter  at  the  top  (Fig.  8). 

50.  Dynamic  pressme  observations  of  the  gases  leaving  the 
stack  were  taken,  as  explained  in  Bulletin  19,  Par.  90  to  96,  and 
are  presented  here  in  Fig.  17. 

51.  The  maximum  evaporation  obtained  was  39,955  pounds 
per  hour.  The  pressures  as  plotted  on  the  diagrams  representing  the 
stack  from  left  to  right  and  front  to  back  indicate  a uniform 
distribution  of  the  gases  across  the  stack  opening  in  almost  every 
instance.  The  only  variation  occurs  in  the  plane  from  left  to  right 
at  the  maximum  rate  of  evaporation  when  the  pressures  tend 
toward  a peak  at  the  centre,  but  are  by  no  means  excessive. 
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Fig.  16. 

CARBON  MONOXIDE. 

The  carbon  monoxide  and  smoke  increased  rapidly  after  a rate  of  combustion  of  5000  pounds  of  coal  per 
hour  was  exceeded,  indicating  an  insufficient  air  supply. 
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Fig.  17. 

STACK  PRESSURES. 

These  pressures  indicate  a uniform  distribution  of  the  gases  across  the  stack  opening  in  almost  every 
instance,  showing  that  the  stack  was  completely  filled. 
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52.  The  diagrams  as  a whole  indicate  the  stack  to  have  been 
completely  filled  and  the  pressures  quite  uniform. 

53.  The  front  end  arrangement  during  these  tests  was  as 
shown  in  Fig.  8.  It  was  found  to  discharge  all  of  the  cinders, 
except  a small  bank  about  8 inches  high  immediately  in  front  of  the 
nozzle.  With  this  aurrangement  the  area  of  opening  imder  the  table 
plate  or  diaphragm,  where  it  crosses  the  steam  pipes  and  exhaust 
nozzle  was  3.15  square  feet,  while  the  opening  under  the  forward 
edge  of  this  plate  was  3.88  square  feet.  The  smallest  opening  was 
then  not  at  the  outlet  for  the  gases,  but  back  of  it. 

54.  After  the  tests  recorded  in  this  Bulletin  were  completed, 
the  table  plate  was  raised  up  at  the  back  so  that  the  opening 
under  it  at  the  steam  pipes  and  exhaust  column  was  increased  to 
4.34  square  feet.  The  front  opening  remained  the  same  as  before, 
3.88  square  feet,  or  54  per  cent.,  of  the  opening  through  the  tubes. 
With  this  change,  the  front  end  gave  fully  as  good  results  in  clean- 
ing and  steaming  as  before.  The  final  arrangement  as  shown  in 
Fig.  10  is  to  be  preferred,  as  the  point  of  greatest  restriction  to 
the  flow  of  gases  is  at  the  forward  edge  of  the  table  plate,  where  the 
proper  area  of  opening  can  be  easily  maintained. 


Evaporation. 

55.  The  evaporative  performance  is  given  in  Table  VII, 
showing  the  total  pounds  of  water  evaporated  per  hour  to  range 
from  9300  pounds  to  33,900  pounds,  while  the  equivalent  evapora- 
tion per  pound  of  dry  coal  varies  between  the  same  limits  from 
12.15  pounds  to  5.37  pounds.  The  superheat  in  the  branch  pipe 
shows  an  increase  from  97.32  degrees  to  210.25  degrees  Fahr. 
The  boiler  efficiency  ranged  between  81  and  37  per  cent. 

56.  There  is  given  in  Table  VIII,  the  evaporation  rate  for 
both  boiler  and  superheater.  Referring  to  this  table  it  is  seen  that 
the  equivalent  evaporation  for  the  boiler  alone  ranges  from 
11,329  to  41,255  pounds  per  hour,  from  and  at  212  degrees  Fahr., 
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1.31 

573 

14 

3204 

80-40-F 

105 

3.3 

0.3 

13.9 

82,4 

14661 

1.17 

626 

18 

3225 

140-2&-F 

90 

0.4 

0.6 

16.4 

82.6 

13330 

2.13 

611 

12 

3203 

80-40-F 

30 

4.2 

0.2 

13.6 

82.0 

14661 

0.75 

645 

20 

3221 

120-30- F 

120 

0.2 

0.8 

16.5 

82.5 

13843 

2.59 

595 

14 

3246 

40-7 5-F 

30 

2.2 

2.0 

14.4 

81.4 

14140 

6.83 

658 

26 

3214 

100-4 0-F 

120 

0.8 

1.0 

15.2 

82.9 

13843 

3.59 

627 

20 

3213 

100-4 0-F 

30 

0.2 

1.4 

15.8 

82.6 

14661 

4.28 

624 

22 

3229 

1 60-30-F 

120 

2.2 

1.2 

15.8 

80.8 

'13330 

4.28 

537 

16 

3218 

140-35-F 

120 

•, 

13843 

634 

34 

3215 

100-45-F 

120 

0.3 

1.5 

15.4 

82.9 

13843 

5.11 

637 

22 

3230 

120-40-F 

120 

3.2 

1.0 

14.5 

81.2 

13330 

. 3.92 

618 

20 

3247 

40-88-F 

15 

2.4 

2.0 

14.0 

81.6 

14140 

6.81 

660 

42 

3238 

80-55-F 

30 

6.5 

2.3 

11.8 

79.4 

13330 

9.84 

645 

30 

3222 

160-35-F 

60 

0.9 

2.3 

16.5 

80.3 

13843 

6.07 

650 

34 

3224 

170-35-F 

60 

0.3 

0.2 

15.8 

83.7 

13330 

0.78 

662 

20 

3242 

60-68-F 

30 

5.2 

1.0 

12.6 

81.2 

14140 

4.14 

655 

36 

3236 

100-50-F 

60 

0.6 

0.7  . 

17.3 

81.4 

13330 

2.35 

646 

24 

3220 

140-4 0-F 

60 

0.3 

1.3 

16.3 

82.1 

13843 

4.30 

634 

26 

3245 

60-7  5-F 

30 

6.2 

1.4 

11.6 

80.8 

14140 

5.83 

670 

42 

3216 

120-50-F 

60 

0.3 

1.3 

15.9 

81.5 

13843 

4.39 

640 

30 

3239 

80-58-F 

60 

5.3 

1.9 

12.3 

80.5 

13330 

8.00 

637 

30 

3237 

100-55-F 

' 60 

0.5 

1.3 

17.1 

81.1 

13330 

4.28 

651 

30 

3235 

160-40-F 

' 60 

0.5 

0.3 

17.3 

79.9 

13330 

1.03 

651 

28 

32]  7 

120-50-F 

^ 45 

0.3 

2.6 

15.5 

81.6 

13843 

8.30 

646 

30 

3244 

60-66-1 

^ 15 

3.6 

2.0 

13.2 

81.2 

14140 

7.45 

673 

44 

3241 

80-63-F 

i*  60 

6.3 

0.5 

12.3 

80.9 

13330 

2.35 

669 

30 

Sheet  No....£ 


P-1157 


Table  VI. 

SMOKEBOX  GASES. 

The  tests  are  arranged  according  to  the  evaporation  rate.  The  loss  duo  to  carbon  monoxide  in  the  gases  was 
small,  due  to  careful  hand-firing  and  the  presence  of  an  arch  in  the  firebox;  the  smoke  density  was  low. 
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Philadelphia,  Baltimore  & Washinotoh  Railroad  Company 

Northern  Central  Railway  Company 

CLASS  H8sl» 

..  No SB7  - 

West  Jersey  & Seashore  Railroad  Company 

in 

Sheet  No .C-ll.UiQ.. 

k 

Tests  of  a Class  HSsb  Looomotlre^ 

Altoona.  Pa..  1*" 

7-1914 

BVAPOMTIVE  PERPORUAKCE 

Test 

Test 

Dora- 

water  acd  Steam 

Evapoirative 

Performance 

Superheat 

Sqaiv. 

Effioi- 

Ko« 

tion 

Total 

Pounds  of 

Total 

Ecjuiv.Evap. 

in  branch 

Evap, 

onoy 

Designa- 

of 

Lbs.of 

Water 

Water 

Per  Pound 

Pipe 

Lbs, 

Test 

Water 

Evaporated 

Divided  by 

of 

Degrees 

Per 

ox 

tiOQ 

Mins  • 

Evap. 

Per  Hour 

Total  Coal 

Dry  Coal 

Pahr. 

Hour 

Boiler 

264 

340 

347 

230 

344 

350 

3207 

40-20-F 

120 

18678 

9339 

9.55 

12.15 

97,32 

11880 

80,42 

3206 

60-20-P 

106 

21186 

12106 

8.89 

11.41 

100,92 

15523 

75.52 

3205 

60-20-P 

45 

9558 

12744 

8.69 

11.13 

101.20 

16333 

73,67 

3210 

40-30-P 

120 

25991 

12996 

8.86 

11.44 

130,64 

16777 

75.72 

3201 

8(^-20-P 

120 

29247 

14624 

8.01 

10.40 

125.59 

18926 

68,60 

3209 

60-30-F 

90 

24741 

16494 

8.11 

10.46 

130,06 

21260 

69.17 

3223 

120-20-P 

120 

36877 

17939 

8.36 

10.77 

126.77 

23107 

75.51 

3227 

60-^5-P 

90 

28506 

19004 

8.10 

10.43 

134.96 

24459 

75.93 

8202 

60-30-.F 

90 

29654 

19769 

7.94 

10.31 

132,76 

25659 

68.24 

3212 

100-25-F 

120 

40087 

20044 

8.20 

10.72 

154.25 

26193 

70.95 

3228 

170-20-P 

120 

40422 

20211 

6.92 

8.99 

146.70 

26279 

65.45 

3208 

100-26-P 

60 

20767 

20767 

6.49 

11.11 

167,00 

27161 

73,54 

3211 

100-25-P 

30 

10479 

20956 

7,15 

9.31 

157.41 

27286 

61.62 

8204 

80-40-P 

106 

41243 

23667 

7,»9 

9.66 

152,14 

30804 

63.94 

8225 

14C-26-F 

90 

35778 

23852 

7.36 

9.67 

176,34 

31393 

70,40 

3203 

80-40-? 

30 

12108 

24216 

8.26 

10.70 

144,98 

31610 

71,36 

3221 

120-30-F 

120 

49613 

24757 

7.22 

9.41 

166.66 

32282 

65.96 

3246 

4C-75-F 

30 

13133 

26266 

7,48 

9.82 

170,79 

34476 

67.39 

3214 

100-40-P 

120 

52635 

26316 

6.39 

8.40 

176.20 

34609 

58.88 

3213 

100-40-F 

30 

13465 

26910 

6.65 

8.70 

155,46 

36199 

57.58 

8229 

160-30-P 

120 

65730 

27865 

6.76 

8.89 

182,10 

36727 

64,72 

3218 

140-3&-F 

120 

57104 

28552 

5.62 

7.32 

162.70 

37320 

51.31 

3216 

10C-46-P 

120 

67197 

28599 

5.95 

7,83 

179.67 

37630 

64.89 

3230 

100-40-P 

120 

58521 

29261 

6.19 

8.15 

188.46 

36556 

59.33 

3247 

40-88-P 

15 

7441 

29764 

4,97 

6.53 

171,32 

39060 

44,81 

3238 

80-85-P 

30 

14959 

29918 

5,12 

6,73 

179.32 

39339 

48.99 

3222 

160-36-F 

60 

30244 

30244 

5.93 

7.74 

167.47 

39499 

54.26 

3^24 

170-35-F 

60 

30826 

30826 

6.33 

8,33 

185.03 

40681 

60,64 

3242 

60-68-F 

30 

15441 

30082 

5.31 

6,97 

172.90 

40588 

47,83 

3236 

100-50-F 

60 

30959 

30969 

6.32 

8.38 

200.64 

41030 

61.00 

3220 

140-40-P 

60 

31681 

31661 

5,98 

7.83 

168.88 

41610 

54,89 

3245 

60-76-F 

30 

15924 

31846 

4,10 

6.37 

165.71 

41664 

36.85 

3216 

120-50-P 

60 

31621 

31621 

5,48 

7,24 

192,52 

41797 

50.75 

3239 

eO-58-F 

60 

31606 

31606 

6.25 

6.96 

194.64 

41847 

50.67 

3237 

100-55-P 

60 

32556 

32556 

5.57 

7,34 

105,38 

42900 

53,43 

3236 

160-40-F 

60 

32666 

32666 

5.85 

7.71 

193.93 

43086 

56.13 

3217 

120-60-P 

46 

24766 

33021 

5.77 

6.91 

196.48 

43306 

46.44 

3244 

60-86-P 

15 

8444 

33776 

4.97 

6,54 

182.01 

44456 

44,88 

324L 

80-65-F 

2.g26fe.. 

.gas&s 

6.60 

8.00 

210.25 

45256 

64,06 

Sheet 

Table  VII. 

EVAPORATIVE  PERFORMANCE. 

This  locomotive  evaporated  from  9300  to  33,900  pounds  of  water  per  hour,  while  the  equivalent  evaporation 
per  pound  of  dry  coal  ranged  between  12.15  and  5.37  pounds. 
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LOCOMOTIVE:  PE 

TYPE_2-.8rr;fi 

CLASS.  HSsb. No.  387 

M.  P.  47e^A  “ 

K 8X10H 

NNSYLVANIA  RAILROAD  COMPANY 

>HILADBLPHIA,  BALTIMORE  ft  WASHINGTON  RAILROAD  COMPANY 

Northern  Central  Railway  Company 

West  Jersey  ft  Seashore  Railroad  Company 

TEST  DEPARTMENT  BulletilNo.  10 

■nmntivp  . Altoona  Pa  1-7-1914 

Sheet  No 

Te  stfl  of  a 

P-1162 

EVAPQRATIOn  HATE, 

BOILHt  AIID  SUPERHEATER. 

Test 

no. 

Test 

Designa- 

tion 

Water 

Evap- 

orated 

Pounds 

Per 

Hour 

Equivalent  Evaporation  from  and  i 

at  212‘>F. 

lb  .per  Hour 

Ratio  of 
Equiv,  Evap 
in  Boiler 
and  Super- 
heater per 
Sq.ft. of  HJS. 

Boiler 

Exclud 

-ing 

Super- 

heater 

Super- 

heater 

Alone 

Boiler 

Includ 

-ing 

Super- 

heater 

Per  sq,ft.( 

of  Heating 

; Surface 

Boiler 

Exclud- 

ing 

Superheater 

Super- 

heater 

Alone 

Boiler 

Includ- 

ing 

Superheater 

340 

344 

345 

3207 

40-20-F 

9339 

11329 

551 

11880 

3.73 

0.681 

3.09 

0.182 

3206 

60-20-F 

12106 

14725 

798 

15523 

4.85 

0.986 

4.04 

0.203 

3205 

60-20-F 

12744 

15.527 

806 

16333 

5.12 

0.996 

4.22 

0,194 

3210 

40-3O-F 

12996 

15773 

1004 

16777 

5.20 

1.241 

4.37 

0.238 

3201 

80-20-F 

14624 

17834 

1092 

18926 

5.55 

1.344 

4.76 

0.242 

3209 

60-30-F 

16494 

19982 

1368 

21250 

5.59 

1.690 

5.53 

0.256 

3223 

120-20-F 

17939 

21763 

1344 

23107 

7.18 

1.661 

6.01 

0.231 

3227 

60-35- P 

19004 

22936 

1523  ■ 

24459 

7.56 

1.882 

6.37 

0.249 

3202 

80-30-P 

19769 

24092 

1567 

25659 

7.95 

1. 93  6 

6.68 

0.243 

3212 

100-2 5-F 

20044 

24399 

1794 

26193 

8.03 

2.217 

6.82 

0,263 

3228 

170-20-F 

20211 

24558 

1721 

26279 

8.09 

2.127 

6.84 

0.262 

3208 

100-25-F 

20757 

25251 

1910 

27161 

8,33 

2.360 

7.07 

0,283 

3211 

100-25-F 

20958 

25366 

1918 

27286 

8.37 

2.370 

7,10 

0.283 

3204 

80-40^F 

23567 

28717 

2087 

30804 

9.47 

2.579 

8.02 

0.272 

3225 

140-25-F 

23852 

28986 

2407 

31393 

9.56 

2.975 

8.17 

0.311 

3203 

80-40-F 

24216 

29565 

2045 

31610 

9.75 

2.527 

8.23 

0.259 

3221 

120-30-P 

24757 

30043 

2239 

32202 

9.91 

2.767 

8.40 

0.279 

3246 

40-7  5-F 

26266 

31910 

2566 

34476 

10.53 

3.171 

8.98 

0.301 

3214 

100-40-F 

26318 

31955 

2654 

34609 

10.54 

3.280 

9.04 

0.311 

3213 

100-40-F 

26910 

32760 

2439 

35199 

10.81 

3.014 

9.19 

0.278 

3229 

1 60-30-F 

27865 

33818 

2909 

36727 

11.16 

3.594 

9.59 

0,322 

3218 

140-3 5-P 

28552 

34659 

2661 

37320 

11.43 

3.289 

9.74 

0,287 

3215 

100-4 5-P 

28599 

34683 

2947 

37630 

11.44 

3.642 

9.81 

0.318 

3230 

120-40-F 

29261 

35448 

3110 

38558 

11.69 

3.844 

10.04 

0.328 

3247 

40-8 8-P 

29764 

36027 

3023 

39050 

11.89 

3.736 

10.17 

0.314 

3238 

80-55-F 

29918 

36261 

3078 

39339 

11.96 

3.804 

10.24 

0.318 

3222 

160-35-P 

30244 

36697 

2802 

39499 

12.11 

3.463 

10.28 

0.285 

3224 

170-35-P 

30626 

37380 

3201 

40581 

12.33 

3.956 

10.57 

0,320 

3242 

60-68-F 

30682 

37545 

3043 

40588 

12.39 

3.761 

10.57 

0,303 

3236 

100-50-F 

30959 

37608 

3422 

41030 

12.41 

4.229 

10.68 

0.340 

3220 

140-40-F 

31681 

38454 

3056 

41510 

12.69 

3.777 

10.81 

0.297 

3245 

60-7 5-F 

31840 

38665 

2999 

41664 

12.76 

3.707 

10.85 

0.290 

3216 

120-50-F 

31621 

38381 

3416 

41797 

12.66 

4.222 

10.88 

0,333 

3239 

80-58-F 

31606 

38394 

3453 

41847 

12.67 

4.268 

10.90 

0.337 

3237 

100-55-F 

32556 

39507 

3393 

42900 

13.03 

4.194 

11.17 

0,321 

3235 

160-40-F 

32666 

39481 

3605 

43086 

13.03 

4.456 

11.22 

0.341 

3217 

120-50-F 

35021 

40043 

3263 

43306 

13.21 

4.033 

11.28 

0.305 

0 314 

3244 

60— 66— F 

33776 

41006 

3450 

44456 

13.53 

4.264 

11,58 

0l363 

3241 

80-63-F 

33956 

41255 

4001 

45256 

13.61 

4,945 

No.-  P^rll^a 

Table  VIII. 

EVAPORATION  RATE,  BOILER  AND  SUPERHEATER. 

The  ratio  of  equivalent  evaporation  in  the  boiler  to  that  in  the  superheater  per  square  foot  of  heating  surface 
increases  from  0.182  to  0.363.  Thus,  it  may  be  assumed  that  27.25  per  cent,  of  the  equivalent  evaporation 
per  square  foot  of  heating  surface  takes  place  in  the  superheater. 
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while  for  the  superheater  the  range  is  from  551  to  4001  pounds 
per  hour.  Thus,  for  both  boiler  and  superheater,  the  total  equiva- 
lent evaporation  increases  from  11,880  to  45,256  pounds  per  hour 
as  the  boiler  is  gradually  forced  to  the  maximum  limit. 

57.  The  equivalent  evaporation  per  square  foot  of  heating 
surface  for  boiler  and  superheater  ranges  from  3.09  to  1 1.78  pounds 
per  hour,  which  is  low  for  this  locomotive,  due  to  the  poor  grate 
performance  at  the  high  rates  of  combustion. 

58.  The  ratio  of  equivalent  evaporation  in  the  boiler  to  that 
of  the  superheater  per  square  foot  of  heating  surface  ranges  from 
0.182  to  0.363.  Thus,  we  may  reasonably  assume  by  referring 
to  this  last  column  in  Table  VIII,  that  27.25  per  cent,  of  the  equiva- 
lent evaporation  per  square  foot  of  heating  surface  takes  place  in 
the  superheater,  or  in  other  words,  the  rate  of  heat  transfer  per 
unit  of  superheating  surface  is  27.25  per  cent,  of  that  of  the  boiler 
surface.  The  superheating  surface  in  this  locomotive  is  22.8  per 
cent,  of  the  total  heating  surface  in  the  boiler. 

59.  The  relation  existing  between  the  water  evaporated  in 
pounds  per  hour  and  the  dry  coal  fired  in  pounds  per  hour  is  shown 
in  Fig.  18.  As  the  rate  of  combustion  increases  from  1000  to 
7500  pounds  of  dr>^  coal  fired  per  hour,  the  evaporation  rate  is 
seen  to  increase  gradually  from  9200  to  34,400  pounds  per  hour. 

60.  Fig.  19  shows  the  increase  in  the  rate  of  evaporation  as 
the  draft  is  increased.  This  was  likewise  characteristic  of  the 
combustion  rate  as  shown  in  Fig.  14. 

61.  The  range  of  steam  temperature  in  the  branch  pipe, 
boiler,  and  superheater,  together  with  their  respective  pressures 
at  the  different  rates  of  equivalent  evaporation,  are  given  in  Fig.  20. 
It  is  observed  that  the  superheat  increases  almost  directly  with  the 
evaporation  rate  and  that  the  maximum  superheat  reached  210 
degrees  Fahr.  for  one  test.  The  general  range  of  superheat, 
shown  by  the  curve  varied  between  96  and  196  degrees  Fahr., 
which  is  rather  low. 

62.  When  25,000  pounds  of  water  are  evaporated  per  hour 
the  steam  pressure  starts  to  drop  when  passing  through  the  super- 
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Fig.  18. 

COAL  FIRED  AND  WATER  EVAPORATED. 

The’  H8b  saturated  steam  locomotive  evaporates  more  water  per  thousand  pounds  of  coal  burned  than  the 
H8sb  superheated  steam  locomotive.  This  is  on  account  of  the  former  having 
a greater  water  heating  surface. 
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Fig.  19. 

DRAFT  AND  EQUIVALENT  EVAPORATION  PER  SQUARE  FOOT  OF  HEATING  SURFACE. 
This  diagram  shows  the  increase  in  the  rate  of  evaporation  as  the  draft  is  increased. 
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Fig.  20. 

TEMPERATURE  AND  PRESSURE  OF  STEAM  WITH  A DROP  IN  PRESSURE  BETWEEN 
BOILER  AND  CYLINDERS. 

The  superheat  increases  almost  directly  with  the  evaporation  rate.  The  steam  when  passing  through  the 
superheater  units  has  a practically  constant  pressure,  until  the  rate  of  evaporation  exceeds  25,000  pounds  of 
water  per  hour.  There  i$  a gradual  loss  in  pressure  at  the  higher  rates,  amounting  to  14  pounds  at  the  highest 
rate  of  evaporation. 
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heater  units,  and  at  the  highest  rate  of  evaporation  this  pressure 
loss  amounts  to  about  14  pounds. 

Equivalent  Evaporation. 

63.  The  equivalent  evaporation  per  pound  of  dry  coal  and  the 
amount  of  dry  coal  fired  per  hour  are  shown  in  Fig.  21 . The  curve 
is  a straight  line  which  may  be  expressed  by  the  equation 
E=12.8 — (0.053)  C,  where  “C”  is  the  dry  coal  fired  per  hour,  in 
pounds  per  square  foot  of  grate. 

64.  It  is  seen  that  the  equivalent  evaporation  per  pound  of 
dry  coal  decreases  from  12  to  5.3  pounds  as  the  rate  of  combustion 
is  increased  from  17  to  140  pounds  of  dry  coal  per  square  foot  of 
grate  per  hour. 

65.  As  between  the  H8b  saturated  and  H8sb  superheated 
steam  locomotive.  Fig.  21  shows  the  evaporations  to  be  equal  for 
a rate  of  combustion  of  about  55  pounds  of  coal  per  square  foot 
of  grate  per  hour,  but  when  this  rate  is  increased  to  140  pounds 
the  evaporation  of  the  saturated  steam  locomotive  is  in  excess  of 
that  of  the  superheater  by  about  seven  per  cent.,  this  excess 
diminishing  as  the  rate  of  combustion  is  decreased. 

66.  When  the  combustion  rate  drops  below  55  pounds,  the 
evaporation  falls  below  that  obtained  from  the  superheated  steam 
locomotive. 

67.  The  fact  that  the  H8b  saturated  steam  locomotive  has  a 
larger  evaporating  surface  than  the  H8sb  boiler  accounts  for  this 
increase  in  the  evaporation  per  pound  of  coal. 

68.  The  performance  of  the  two  boilers  at  equal  rates  of  evap- 
oration is  shown  in  Fig.  22.  The  better  performance  of  the  sat- 
urated steam  boiler  is  again  demonstrated  from  this  evaporative 
standpoint-  When  the  equivalent  evaporation  per  square  foot  of 
heating  surface  is  9 pounds  per  hour,  the  increase  in  the  equiva- 
lent evaporation  in  pounds  of  water  per  pound  of  dry  coal  obtained 
from  the  saturated  steam  boiler  is  16  per  cent. ; above  that  and 
on  toward  higher  rates  the  curves  parallel  each  other,  and  the 
decrease  in  the  rates  of  evaporation  is  practically  constant. 

69.  Table  IX  gives  the  equivalent  evaporation  per  square 
foot  of  grate  surface  per  hour  and  per  square  foot  of  heating 
surface  per  hour,  in  addition  to  the  total  boiler  horse-power 
developed,  the  boiler  horse-power  per  square  foot  of  heating- 
surface,  per  square  foot  of  grate  surface  and  the  efficiency  of  the 
boiler. 
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Fig.  21. 

DRY  COAL  FIRED  AND  EQUIVALENT  EVAPORATION  PER  POUND  DRY  COAL. 

The  equivalent  evaporation  per  pound  of  dry  coal  for  the  H8b  saturated  steam  locomotive  exceeds  that 
obtained  from  the  H8sb  superheated  steam  locomotive  by  approximately  7 per  cent,  when  the  combustion 
rate  is  140  pounds  of  dry  coal  per  square  foot  of  grate  per  hour. 
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Fig.  22. 

EQUIVALENT  EVAPORATION  AND  EVAPORATION  PER  SQUARE  FOOT  OF  HEATING  SURFACE. 
The  better  performance  of  the  saturated  steam  boiler  from  an  evaporative  standpoint,  due  to  its  larger 
evaporating  surface,  is  again  shown. 
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70.  The  equivalent  evaporation  per  square  foot  of  grate 
surface  per  hour  ranged  between  214.67  and  817.78  pounds. 
Based  on  the  heating  surface  the  equivalent  evaporation  ranged 
between  3.36  and  12.80  pounds. 

71.  The  boiler  horse-power  increased  from  344.3  to  1311.8, 
and  its  efficiency  decreased  from  80.42  to  36.85  per  cent.  It  may 
be  observed  that  Test  No.  3241,  having  a greater  boiler  horse- 
power and  equivalent  evaporation  per  square  foot  of  heating 
surface  per  hour  than  Test  No.  3244,  also  has  an  efficiency  of  64.06 
per  cent,  or  nearly  20  per  cent,  greater  than  the  boiler  efficiency 
obtained  from  Test  No.  3244. 

72.  The  coal  used  in  the  two  tests  was  obtained  from  different 
cars,  and  an  analysis  showed  the  heating  value  of  the  coal  used  in 
Test  No.  3241  to  approximate  13,330  B.t.u.  per  pound  of  dry 
coal,  while  that  in  Test  No.  3244  gave  14,140  B.t.u. 

Boiler  Efficiency. 

73.  As  the  rate  of  firing  is  increased  the  decrease  in  the  boiler 
efficiency  is  graphically  shown  by  a straight  line  in  Fig.  23.  The 
relation  thus  existing  between  the  boiler  efficiency  and  the  com- 
bustion rate  in  pounds  of  dry  coal  fired  per  square  foot  of  grate 
per  hour  may  be  expressed  by  an  equation,  E=  87— (0.35)  C, 
where  “C”  is  the  pounds  of  dry  coal  fired  per  hour  per  square 
foot  of  grate. 

74.  On  this  diagram  is  shown  a cur^^e  or  straight  line  for  the 
H8b  saturated  locomotive  boiler.  A comparison  between  the 

^superheated  steam  boiler  and  saturated  steam  boiler  shows  the 
efficiency  for  the  latter  to  exceed  that  of  the  former  at  corre- 
sponding rates  of  combustion  by  10  per  cent.  The  only  difference 
existing  between  the  two  locomotive  boilers  is  that  the  H8sb  boiler 
has  a Schmidt  type  fire-tube  superheater. 

75.  Fig.  24  illustrates  the  relation  as  shown  by  a curve, 
between  the  boiler  efficiency  and  the  total  water  evaporated 
expressed  in  pounds  per  hour. 

76.  Comparing  this  curve  with  the  one  immediately  above, 
representing  the  H8b  saturated  steam  boiler,  it  is  observed  that 
the  efficiency  of  the  superheated  steam  boiler  is  less  and  drops  off 
more  rapidly  as  the  evaporation  rate  increases. 

77.  The  same  fact  in  Fig.  24  is  again  presented  by  Fig.  25, 
in  which  the  basis  is  the  rate  of  equivalent  evaporation  in  pounds 
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BOILER  PCWER 


Test 

No. 

Teat 

Desigjsa- 

tl(m 

Dura- 

tion 

of 

Teat 

Ulna. 

SquIt*  Evap  .Pounds 

Boiler  Horse  Power 

Efficiency 

of 

Boiler 

Per  sq.ft, 
of 

Grate 

Per  Hour 

Per  sq.ft, 
of  Heating 
Surface 

Per  Hour 

Total 

Per  sq.ft, 
of  Heat- 
ing 

Surface 

Per  sq.ft, 
of 

Grate 

Surface 

345 

349 

350 

3207 

40-20-F 

120 

214.67 

3,36 

344.3 

f 

0.097 

6.22 

80.42 

3206 

60-20-P 

105 

260.50 

4,39 

449.9 

0.127 

8.13 

75.52 

3205 

60-20-P 

75 

295.13 

4.62 

473.4 

0,134 

8,55 

73,67 

3210 

40-30-P 

120 

303,16 

4,74 

466.3 

0.138 

8.79 

75,72 

3201 

80-20-P 

120 

341.99 

5.40 

548,6 

0,156 

9.91 

68,60 

3209 

60-30-P 

90 

363.99 

6.01 

616,9 

0,174  ! 

11.13 

69,17 

3223 

120-20-7 

120 

417.54 

6.53 

669.8 

0.189 

11.21 

75,51 

3227 

60-3B-P 

90 

441.97 

6,92 

709,0 

0.201 

12,01 

75.93 

3202 

80-30-7 

90 

463,66 

7.26 

743,7 

0.210 

13,44 

68.24 

3212 

100-26-7 

120 

473.31 

7,41 

759.2 

0,215 

13,72 

70,96 

3226 

170-20-7 

120 

474.86 

7.43 

761,7 

0.216 

13.76 

85.46 

3208 

100-26-7 

60 

490.89 

7.68 

787.3 

0,222 

14.22 

73.54 

3211 

100-25-7 

30 

493.06 

7.72 

790,9 

0.224 

14.27 

61.62 

3204 

80-40-7 

106 

556.63 

8,71 

892.9 

0.252 

16.13 

63,94 

3226 

140-25-7 

90 

667.28 

8.88 

909.9 

0.257 

14.44 

70.40 

3203 

80-40-7 

30 

571,19 

8.94 

916.2 

0.259 

16.56 

71.35 

3221 

120-30-7 

120 

583.34 

9.13 

935.7 

0.264 

16,91 

65.96 

3246 

40-75-7 

30 

622,80 

9.75 

999.3 

0,282 

18,06  ' 

67,39 

3214 

lOO-tO-7 

120 

625.36 

9,79 

1003.2 

0.284 

18,13 

58.88 

3213 

100-40-7 

30 

636.06 

9,95 

1020.3 

0.289 

18,44 

57,68 

3229 

160-30-7 

120 

663.66 

10.36 

1064.6 

0,301 

19,43 

64,72 

3218 

140-36-7 

120 

674.37 

10.55 

1081,7 

0.306 

19,55 

51.31 

3215 

100-45-7 

120 

679.98 

10,64 

1090,7 

0.306 

19,71 

54.89 

3230 

120-40-7 

120 

696.74 

10.90 

1117,6 

0.311 

20,19 

59.33 

3247 

40-88-7 

16 

703,85 

11.04 

1131.9 

0.320 

20,45 

44.81 

3236 

80-55-7 

30 

710,86 

11.12 

1140.3 

0.322 

20.61 

48.99 

3222 

160-36-7 

60 

711.95 

11,17 

1144.9 

0.323 

20.69 

54,26 

3224 

170-36-7 

60 

733.30 

11,47 

1176.5 

0.333 

21.26 

60,64 

3242 

60-68-7 

30 

753.45 

11.46 

1176.5 

0.333 

21.26 

47.83 

3236 

100-50-7 

60 

741.41 

11,60 

1189.3 

0,336 

21.49 

61.00 

3220 

140-40-7 

60 

760.09 

11,74 

1203.2 

0.340 

21,74 

54,89 

3246 

66-75-7 

30 

762,87 

11.78 

1207,7 

0.341 

21.82 

36,86 

3216 

120-60-7 

60 

765.28 

11,62 

1211.5 

0,343 

21.89 

60.76 

3239 

80-68-7 

60 

756,18 

11.83 

1213,0 

0,343 

21.92 

60,67 

3237 

100-56-7 

60 

775.21 

12,13 

1243,5 

0.352 

22.47 

53,43 

3235 

166-46-7 

60 

778.67 

12.18 

1248.9 

0,353 

22.57 

56,13 

3217 

120-56-7 

45 

782,54 

12,26 

1255.2 

0,355 

22,68 

46,44 

3244 

60-86-7 

15 

803.32 

12.67 

1288.6 

0.364 

23,29 

44,88 

3241 

80-63-7 

60 

817.78 

12,80 

1311,8 

0.379 

23.71 

64.06 

NO... 


Table  IX. 

BOILER  POWER. 

The  boiler  horse-power  increased  from  344.3  to  1311.8  and  the  efficiency  decreased  from 
80.42  to  36.85  per  cent. 
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Fig.  23. 

EFFICIENCY  OF  BOILER  AND  RATE  OF  FIRING. 

The  boiler  efficiency  of  the  H8b  saturated  steam  locomotive  exceeds  that  of  the  H8sb  superheated  steam 
locomotive  by  10  per  cent,  at  corresponding  rates  of  combustion. 
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per  square  foot  of  grate  per  hour,  instead  of  actual  total  evapora- 
tion per  hour;  the  difference  between  the  two  figures  being  practi- 
cally one  of  scale  only. 

Steam  Passages. 

78.  The  steam  passages  from  the  boiler  to  the  exhaust  nozzle 
are  important  in  the  design  of  a superheated  steam  locomotive. 
The  superheater  elements  offer  a considerable  resistance  to  the 
flow  of  the  steam  and  produce  a drop  in  pressure  between  the 
boiler  and  branch  pipe. 

79.  Fig.  26  is  given  to  show  in  a graphical  way  the  areas  of 
these  passages  at  points  where  restrictions  occur.  The  area  of 
the  passage  is  shown  by  the  solid  portion,  the  velocity  by  the 
cross-hatched  space,  and  the  pressure  is  indicated  by  the  open 
space. 

80.  The  velocity  of  the  steam  flow  for  each  of  the  several 
passages  at  their  points  of  greatest  restriction  was  computed  from 
data  obtained  from  Test  No.  3241,  or  the  one  having  the  maximum 
rate  of  evaporation,  namely  33,955  pounds  of  water  per  hour. 
There  being  no  unusually  small  passages,  the  steam  velocity  does 
not  exceed  6000  feet  per  minute. 

81.  The  average  boiler  pressure  obtained  during  this  test 
No.  3241  was  204.7  pounds.  The  duration  of  test  was  one  hour. 

82.  The  pressure  in  the  superheater  header,  saturated  side, 
was  203  pounds.  At  the  return  bend,  or  the  middle  of  the  super- 
heater length,  the  pressure  was  200.7  pounds,  and  the  final  press- 
ure obtained  in  the  branch  pipe  was  195.9  pounds.  The  drop  in 
pressure  thus  obtained  at  the  maximum  steam  flow  was  8.8 
pounds,  or  4.3  per  cent.,  of  the  boiler  pressure. 

BoIeer  Tube  Temperature. 

83.  Temperatures,  for  each  foot  of  length,  within  the  boiler 
tubes  and  superheater  flues  were  taken  during  this  series  of  tests. 
As  described  in  Bulletin  21,  these  temperatures  were  obtained  with 
a long  thermo-couple  which  could  be  inserted  in  the  tube  or  flue 
to  any  desired  point. 

84.  The  temperatures  obtained  are  presented  on  Figs.  27 
to  32,  inclusive.  On  these  diagrams  are  also  given  the  firebox 
and  smokebox  temperatures  taken  at  the  same  time.  All  tem- 
peratures are  given  in  degrees  Fahrenheit. 

85.  The  firebox  temperatures  range  between  1920  and  2400 
degrees  and  the  temperatures  at  the  tube  ends  range  between 
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Comparing  the  boiler  efTtciencies  of  the  saturated  steam  and  superheater  boilers,  the  efficiency  of  the 
H8sb  superheater  boiler  is  lower  and  drops  off  more  rapidly  as  the  rate  of  evaporation  iru:reases. 
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Fig.  25. 

EFFICIENCY  OF  BOILER  AND  EQUIVALENT  EVAPORATION  PER  SQUARE  .FOOT  OF 
GRATE  PER  HOUR. 

This  diagram  shows  the  same  characteristics  as  Fig.  24. 
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Fig.  26. 

AREA  OF  STEAM  PASSAGES. 

This  is  a graphical  representation  of  the  restricted  areas  in  the  steam  passages  from  the  boiler  to  the 
exhaust  nozzle.  The  area  of  the  passage  is  shown  by  the  black  portion,  the  velocity  of  the  steam  by  the  cross- 
hatched  space,  and  the  steam  pressure  by  the  open  space. 
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1320  and  2060  degrees.  From  the  time  the  gases  enter  the  tubes 
or  flues  until  they  leave  at  the  smokebox  end  there  is  a rapid 
fall  of  temperature.  The  temperature  of  the  gases  as  they  leave 
the  tubes  at  the  smokebox  end  ranges  between  500  and  650  degrees. 
The  smokebox  temperatures  range  between  480  and  660  degrees. 

86.  Referring  to  Figs.  27,  29  and  30  it  is  observed  that  the 
temperatures  in  the  boiler  tube  and  superheater  flue  at  the  fire- 
box end  are  alike  and  remain  so  for  the  first  ^0  inches.  The 
gases  give  up  their  heat  at  a slower  rate  when  passing  through 
the  superheater  flue  than  they  do  when  passing  through  the 
boiler  tube.  The  difference  in  temperature  at  the  end  of  the 
tubes  ranges  between  40  and  80  degrees. 

87.  The  temperature  ranges  throughout  the  boiler  tube  and 
the  superheater  flue  were  alike  during  a comparatively  low  power 
test,  as  shown  by  Fig.  28.  The  draft  was  light,  being  1.8  inches 
of  water.  The  evaporation  rate  per  hour  was  but  16,494  pounds 
and  the  coal  fired  per  hour  amounted  to  only  2033  pounds;  thus 
it  was  a comparatively  light  test. 

88.  A variation  from  the  above  tendency  is  shown  by  Fig. 
31.  Here  the  superheater  flue  temperature  for  the  first  40  inches 
falls  a little  below  that  of  the  boiler  tube ; but  for  the  remaining 
length  and  particularly  for  the  middle  portion  of  the  tube  the  drop  in 
temperature  is  considerably  less  rapid  than  that  in  the  boiler  tube. 
The  difference  in  temperature  at  the  smokebox  end  of  the  tube 
and  flue  is  240  degrees.  In  this  particular  instance  it  may  be 
noted  that  the  temperature  in  the  smokebox  end  of  the  boiler 
tube  was  160  degrees  below  the  smokebox  temperature.  The  draft 
for  this  test  was  5.6  inches  of  water.  The  evaporation  rate  was 
30,826  pounds  of  water  per  hour  and  the  combustion  rate  was  4870 
pounds  of  coal  per  hour. 

89.  On  these  several  diagrams  the  rapid  fall  of  the  boiler 
tube  temperature  curves  is  especially  noticeable,  indicating  that 
the  tubes  were  rapidly  absorbing  the  heat  throughout  their  length, 
and  transfering  it  to  the  water  within  the  boiler.  The  length  of 
the  boiler  tubes  is  15  feet,  or  103  internal  diameters. 

90.  In  the  case  of  the  superheater  flues,  at  the  higher  rates 
of  evaporation,  a typical  instance  of  which  is  shown  on  diagram 
No.  32,  the  drop  is  quite  rapid  for  the  first  half  of  the  length, 
whereafter  the  temperature  fall  is  more  gradual.  The  gases  leave  the 
superheater  flues  at  the  smokebox  temperature  or  slightly  above. 
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Fig.  27. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 

The  rate  of  coal  burning  is  978  pounds  per  hour  and  the  draft  back  of  diaphragm  is  0.9  inches  of  water. 
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Fig.  28. 

TEMPERATURE  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 

The  temperature  curves  for  the  boiler  tube  and  the  superheater  flue  are  parallel  when  the  rate  of  combus- 
tion is  2033  pounds  of  coal  fired  per  hour,  and  the  draft  is  1.8  inches  of  water  back  of  diaphragm. 
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Fig.  29. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 

The  temperatures  shown  here  are  for  a rate  of  firing  of  2932  pounds  of  coal  per  hour.  The  draft  back 
of  diaphragm  is  2.3  inches  of  water. 
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Fig.  30. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 

Similar  to  Figs.  27  and  29,  it  is  shown  here  that  the  temperature  in  the  boiler  tube  and  superheater  flue 
at  the  firebox  end  are  alike  for  the  first  20  inches.  The  difference  in  temperature  at  the  end  of  the  tube  ranges 
between  40  and  80  degrees. 
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Fig.  31. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 

This  diagram  shows  a variation  from  what  is  given  in  Figs.  27,  29  and  30.  Here,  the  superheater  flue 
temperature  for  the  first  40  inches  falls  below  that  of  the  boiler  tube  temperature. 
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Fig.  32. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE. 

A typical  instance  showing  the  temperature  drop  in  a superheater  flue  at  the  higher  rates  of  evaporation. 
The  gases  leave  the  superheater  flue  at  a temperature  close  to  that  of  the  smokebox. 
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9 1 . The  tendency  is  for  the  temperatures  in  the  superheater 
flues  and  boiler  tubes  to  increase  with  the  rate  of  firing,  as  was 
found  to  be  the  case  with  other  locomotives  similarly  tested  on 
this  plant.  (See  Bulletin  No.  21,  Fig.  36  and  Par.  82.) 

Heat  Balance. 

92.  In  making  up  the  heat  balance  for  the  boiler  in  Bulletins 
Nos.  11,  18  and  21,  the  method  was  that  of  the  American  Society 
of  Mechanical  Engineers,  as  given  in  their  boiler  test  code.  In 
this  Bulletin  a method  suggested  by  Mr.  Lawford  H.  Fry  has 
been  used.  This  latter  method  contains  fewer  assumptions  in 
the  data  used  in  the  calculations. 

93.  The  American  Society  of  Mechanical  Engineers  heat 
balance  was  primarily  worked  up  for  stationary  boiler  use,  and  is 
based  on  one  pound  of  dry  coal  as  fired.  The  method  suggested 
by  Mr.  Fry  uses  a number  of  constants  obtained  from  locomotive 
experiments.  One  advantage  of  this  method  is  that  the  heat  balance 
is  based  on  the  dry  coal  fired  per  hour  per  square  foot  of  grate. 

94.  The  heat  losses  considered  in  the  new  method  are  loss 
by  external  radiation,  loss  by  formation  of  CO  in  the  firebox, 
loss  of  heat  in  the  smokebox  gases  and  the  loss  of  unburnt  com- 
bustible. The  American  Society  of  Mechanical  Engineers  code 
lists  the  losses  as  due  to  moisture  in  coal,  moisture  produced  by 
burning  hydrogen,  heat  in  dry  gases,  incomplete  combustion,  ash 
and  refuse,  moisture  in  the  air  and  radiation. 

95.  The  heat  absorbed  by  the  boiler  is  similarly  calculated  in 
both  methods,  excepting  that  a loss  due  to  radiation  is  con- 
sidered in  Mr.  Fry’s  method.  Five  per  cent,  of  the  heat  absorbed 
by  the  water  is  assumed  to  cover  this  loss. 

96.  In  table  X is  presented  the  heat  balance  for  this  loco- 
motive, computed  from  data  given  in  table  VI. 

97.  Table  XI  gives  the  heat  losses  in  per  cent.  They  are 
further  presented  graphically  in  Fig.  33.  It  is  observed  that  as 
the  boiler  is  forced  the  heat  losses  in  the  dry  smokebox  gases,  the 
unburned  fuel  and  those  due  to  the  vapor  of  combustion  gradually 
increase. 

98.  The  largest  single  loss  is  that  due  to  unburned  fuel  caused 
by  incomplete  combustion  as  the  rate  of  firing  is  increased.  The 
percentage  of  loss  increasing  from  a minimum  of  1.49  per  cent, 
when  the  rate  of  firing  was  38.8  pounds  of  dry  coal  per  hour  per 
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HEAT  BALANCE  BASED  ON  DRY  COAL  FIRED  PER  HOUR  PER  SQ.ET.OF  GRATE 


Test 

No. 

Pounds  Dry 
Coal  Fired 
Per  Hr .Per 
Sq.ft.of 
Grate. 

Heat 

Absorbed, 

B.t.u.Per 

Sq.ft.of 

Grate. 

Heat  Loss  in  B.t.u.  per  Sq.Ft.of 

Grate  Per  Hour. 

Total 

Total  or 
B.t.u. in  Dry 
Goal  Fired 
Per  hr .per 
sq.ft.of  Gtat 

Dry  Smoke 
Box 
Gases. 

Carbon 
Monoxide 
C 0. 

Due  to 

Vapor  of 
Combustion 

Un-accotmt 

-ed 

For 

3206 

24.6 

286801 

37270 

2281 

13901 

25077 

364333 

360514 

3205 

26.6 

300713 

39005 

1456 

14864 

36266- 

392304 

388663 

3201 

33.0 

348361 

57302 

5616 

18646 

35588 

495468 

483813 

3223 

38.8 

425390 

46086 

36639 

21936 

8014 

538065 

537108 

3202 

45.0 

472362 

74610 

16015 

26475 

81020 

669482 

659461 

3226 

52.8 

483773 

75127 

19592 

30030 

115757 

724277 

703824 

3204 

57.6 

567119 

106483 

9386 

32802 

154325 

870115 

844913 

3225 

58.7 

577920 

85818 

15855 

33726 

80679- 

793998 

782071 

3221 

62.0 

594324 

87869 

22052 

35207 

145890 

883342 

858266 

3214 

74.4 

637118 

121428 

35086 

42832 

238603 

1076067 

1030334 

3229 

74.6 

676142 

104339 

43290 

44951 

156097 

1024819 

994817 

3215 

86.6 

692750 

137082 

59122 

49948 

327852 

1266754 

1201572 

3224 

88.0 

747159 

154481 

8156 

50848 

257823 

1218467 

1173040 

3241 

92.9 

833154 

202636 

28028 

53790 

157851 

1275459 

1239023 

3220 

95.8 

764175 

143124 

54023 

54583 

198532 

1214437 

1326744 

3242 

105.2 

747261 

211902 

59373 

60196 

526521 

1605253 

1487528 

3237 

105.6 

789851 

157416 

57150 

60903 

426076 

1491396 

1407648 

3238 

105.6 

724234 

203026 

150629, 

60759 

401073 

1520291 

1407648 

3217 

113,3 

797269 

167803 

1E61R0 

65050 

533670 

1619002 

1568135 

3244 

122.8 

818686 

227092 

124415 

70236 

654896 

1895325 

1736392 

Sheet  No P.r.l.X?.? 


Table  X. 

HEAT  BALANCE  BASED  ON  DRY  COAL  FIRED  PER  HOUR  PER  SQUARE  FOOT  OF  GRATE. 
The  heat  losses  are  calculated  in  accordance  with  the.  method  of  Lawford  H.  Fry. 
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HEAT  BALANCE 

BASED  ON  DRY  COAL  FIRED  PER  HOUR  PER  SQ.  EP.  OF  GRATE 

Test 

Poimds  Dry 

Heat 

Heat  loss  in 

Per  Cent  Due  to 

Total 

No. 

Coal  Fired 
Per  Hour  Per 
Square  Foot 
of  Grate 

Absorb- 

ed 

in 

Per  Cent 

Dry 

Staoke 

Box 

Gases 

Carbon. 

Uon- 

oxide 

C 0 

Vapor 

of 

Combust 

-ion 

Un-bum 

-ed 

Fuel 

3206 

24.6 

78.27 

10,33 

0,63 

3.86 

6,95 

101.04 

3205 

26.5 

77.65 

10,03 

0.37 

3.82 

9.33 

101.20 

3201 

33.0 

72.00 

11.84 

1.16 

3.05 

13.55 

102.40 

3223 

38.8 

79.20 

0.58 

6.82 

4.08 

1.49 

100.17 

3202 

45.0 

71.62 

11.31 

2.42 

3.06 

12.28 

101.49 

3228 

52.8 

68.73 

10.67 

2.78 

4.26 

16.44 

102.88 

3204 

57.6 

67,12 

12,60 

1.11 

3.8S 

18.26 

102.97 

3225 

58.7 

73.89 

10.97 

2.02 

4.31 

10.31 

101.50 

3221 

62.0 

69.24 

10.23 

2.56 

4.10 

16.76 

102.89 

3214 

74,4 

61.03 

11.78 

3.40 

4,15 

23.15 

104.31 

3229 

74.6 

67.96 

10.48 

4.35 

4.51 

15.69 

102.99 

3215 

86.8 

57.65 

11.40 

4.92 

4.15 

27.28 

105.40 

3224 

88.0 

63.69 

13.17 

0.61 

4.33 

21.11 

102.91 

3241 

92.9 

67.24 

16.35 

2.26 

4.34 

12.74 

102.93 

3220 

95.8 

57.64 

10.79 

4.07 

4.11 

14,59 

91,20 

3242 

105.2 

50.23 

14.24 

3.99 

4.04 

35.39 

107,89 

3237 

105.6 

56.11 

11,18 

4.05 

4.32 

30.26 

105.92 

3238 

105.6 

51.44 

14.42 

9,28 

4.31 

28.54 

107.99 

3217 

113.3 

50,84 

10.70 

7.98 

4,14 

34.03 

107.69 

3244 

122.8 

47.14 

13.07 

7.16 

4.04 

37.71 

109.12 

Sheet 

Table  XI. 

HEAT  BALANCE. 

The  items  in  Table  X are  here  expressed  as  a percentage  of  the  total. 
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Fig.  33. 

HEAT  BALANCE. 

The  boiler  absorbs  from  47  to  79  per  cent,  of  the  heat  in  the  coal.  The  largest  single  loss  is  that  due  to 
unburned  fuel  especially  at  the  higher  rates  of  combustion. 
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square  foot  of  grate  to  37.71  per  cent,  when  122.8  pounds  of  coal 
per  hour  per  square  foot  of  grate  was  fired. 

99.  The  heat  lost  in  the  dry  smokebox  gases  varies,  through- 
out the  different  rates  of  firing,  from  8.58  to  16.35  per  cent.  The 
average  is  11.71  per  cent. 

100.  The  loss  by  CO  due  to  a small  air  supply,  in  conjunction 
with  the  condition  of  the  fire,  varies  from  0.37  per  cent,  to  9.28 
per  cent.  With  a properly  drafted  boiler  we  should  expect  no 
loss  from  this  cause  at  low  power  and  not  over  2 to  3 per  cent,  of 
the  heat  in  the  coal  fired  at  the  maximum  boiler  output. 

101.  The  loss  incurred  by  the  vapor  of  combustion  has  a 
tendency  to  increase  with  the  increase  in  the  rate  of  firing, 
namely,  from  3.82  to  4.34  per  cent. 

102.  The  boiler  absorbs  from  47  to  79  per  cent,  of  the  heat 
in  the  coal. 

Air  Supply. 

103.  It  was  previously  shown  in  this  Bulletin  (Fig.  13  and 
Par.  36)  that  when  the  combustion  rate  exceeded  5500  pounds  of 
coal  per  hour  or  100  pounds  per  square  foot  of  grate  per  hour,  the 
coal  was  not  properly  burned.  Table  XI  substantiates  this  fact. 
Referring  to  this  table  it  will  be  observed  that  at  rates  of  firing  ex- 
ceeding 96  pounds  of  dry  coal  per  square  foot  of  grate  per  hour,  the 
heat  loss  due  to  unburned  fuel  ranged  from  1.49  to  37.71  per  cent. 

104.  A probable  cause  for  this  incomplete  combustion  at  the 
higher  rates  of  firing  is  an  insufficient  air  supply.  This  is  apparent 
in  Fig.  16,  showing  the  carbon  monoxide  when  plotted  with  the  dry 
coal  fired.  This  diagram  shows  the  great  rapidity  with  which  the 
curve  rises  at  rates  of  combustion  exceeding  100  pounds  per 
square  foot  of  grate  per  hour,  and,  as  just  mentioned  under  “Heat 
Balance,”  the  loss  by  CO  due  to  the  small  air  supply  reached 
9.28  per  cent.,  whereas,  with  a properly  drafted  boiler,  it  should  not 
exceed  3 per  cent,  of  the  heat  in  the  coal  fired  at  the  maximum 
output  of  the  boiler. 

105.  It  is  evident  that  to  correct  this  trouble  it  would  be 
necessary  to  increase  the  air  inlet  areas  of  the  ashpan  and  the 
active  grate  area.  The  centre  grate  bearer,  which  is  very  wide, 
could  be  reduced  in  width  to  advantage,  thus  insuring  a greater 
air  supply.  Such  a grate  is  now  used  on  E6s  and  H9s  locomotive 
and  is  shown  on  Pennsylvania  Railroad  drawing  45427. 
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PERFORMANCE  OF  ENGINES. 

General  Conditions. 

106.  The  general  conditions  affecting  the  engines  and  at  the 
same  time  governing  these  tests  are  given  in  Table  XII.  The 
test  designation  includes  the  speed  in  r.p.m.,  the  nominal  cut-off 
in  per  cent,  corresponding  to  the  reverse  lever  notch,  and  the 
position  of  the  throttle  for  each  test.  The  letter  “F”  signifies 
that  the  locomotive  was  operated  with  a wide-open  throttle. 

107.  The  table  includes  the  speed  of  the  locomotive  in  revo- 
lutions per  minute  and  equivalent  miles  per  hour,  the  actual  cut-off 
as  obtained  from  the  indicator  cards,  the  steam  pressure  in  boiler 
and  branch  pipe  and  the  superheat  in  the  branch  pipe  in  degrees 
Fahr.  The  table  is  arranged  in  order  according  to  speed  and 
cut-off. 

Superheat  in  Branch  Pipe  and  Exhaust. 

108.  There  is  graphically  shown  in  Fig.  34  the  relation  ex- 
isting between  the  superheat  in  the  branch  pipe  and  the  super- 
heat in  the  exhaust  pipe.  The  curve  indicates  a slow  increase  in 
the  exhaust  superheat  as  the  superheat  in  the  branch  pipe  in- 
creases from  100  to  165  degrees  Fahr.  Thus,  the  indication  is 
that  an  increasing  amount  of  heat  is  escaping  at  the  exhaust  and 
a decreasing  amount  of  heat  is  being  converted  into  work 

Superheat  in  Branch  Pipe  and  Indicated  Horse-power. 

109.  The  indicated  horse-power  is  plotted  in  Fig.  35  with  the 
superheat  in  the  branch  pipe.  Above  each  of  the  points  is  given 
its  respective  nominal  cut-off  in  per  cent,  of  stroke.  It  is  observed 
by  the  straight  line  that  the  degree  of  superheat  increases  directly 
with  the  power  output  of  the  locomotive.  This  fact  has  been 
shown  in  previous  Bulletins  describing  tests  on  superheated  steam 
locomotives.  (See  Bulletin  No.  19,  Fig.  40  and  No.  21,  Par  103.) 

Indicator  Diagrams. 

NO.  Figs.  36  to  39,  inclusive,  present  representative  indicator 
diagrams  for  this  locomotive.  There  is  given  with  each  diagram 
its  respective  test  number,  scale  of  pressure,  speed  in  r.p.m.  and 
miles  per  hour,  the  nominal  cut-off  and  the  indicated  horse-power. 
The  diagrams  are  designated  as  taken  from  the  right  or  left  side 
of  the  engine.  For  diagrams  taken  on  the  left  side  of  the  engine 
the  steam  chest  diagrams  are  also  given. 
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Least  Back  Pressure. 

111.  The  relation  between  the  least  back  pressure  in  pounds 
per  square  inch  and  the  superheated  steam  in  pounds  per  indicated 
horse-power  hour  is  shown  in  Fig.  40.  The  tendency  is  for  the 
least  back  pressure  to  decrease  as  the  steam  consumption  per  indi- 
cated horse-power  hour  increases.  Further,  these  curves,  being 
drawn  through  points  of  like  cut-off,  also  indicate  that  at  the  same 
steam  consumption  per  indicated  horse-power  hour  the  least  back 
pressure  increases  with  an  increase  of  cut-off. 

1 12.  Fig.  41  shows,  for  both  locomotives,  the  increase  in  the 
least  back  pressure  as  the  indicated  horse-power  is  increased.  Up 
to  1000  i.h.p.  there  is  no  material  difference  between  the  two 
locomotives  in  this  respect;  the  rate  of  increase  in  the  least  back 
pressure,  however,  is  less  rapid  than  at  the  higher  powers,  at  which 
it  is  clear  that  the  superheater  locomotive  develops  a greater 
i.h.p.  on  a given  back  pressure,  or  that  it  requires  less  back  pressure 
for  a given  i.h.p.,  due  no  doubt  to  the  less  amount  of  moisture  in 
the  exhaust  with  superheated  steam. 

Pressure  Drop  Between  BoiuER  and  Branch  Pipe. 

113.  In  Fig.  42  is  shown  the  drop  in  pressure  between  throttle 
and  branch  pipe  in  pounds  per  square  inch.  The  maximum  drop 
is  11  pounds,  occurring  when  the  indicated  horse-power  reaches 
1783.1.  The  curve  shows  the  drop  in  pressure  to  increase  with  the 
power  developed  by  the  locomotive  or  with  the  increased  volume 
of  steam  used. 

Indicated  Horse-power. 

114.  Table  XIII  is  arranged  according  to  the  indicated 
horse-power;  it  includes  the  steam  to  the  engines  in  pounds  per 
hour,  mean  effective  pressure,  indicated  horse-power,  dry  coal  per 
indicated  horse-power  hour,  superheated  steam  per  indicated 
horse -power  hour  and  the  B.t.u.  in  the  steam  per  indicated 
horse-power  hour. 

1 15.  The  indicated  horse-power  range  is  from  412.9  to  1829.9. 
Omitting  tests  of  30  minutes  or  less  where  the  time  of  the  test  is 
too  short  for  reliable  coal  records,  the  dry  coal  per  indicated 
horse-power  hour  ranged  between  2.2  and  3.9  pounds.  The  steam 
per  i.h.p.  hour  likewise  varies  for  different  tests,  ranging  between 
16.8  and  22.1  pounds  per  hour. 


67 


M.P.47e-A 

SZIOM 

LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

TVPK  JimPhA  Philamimua.  BAi.Ti«ORa  k Washinoton  Railroad  Compamt 

TYPB.....*rrsTa£_  Hortmbrh  Cintral  RaiRway  Company 

CLAS8....HfiB]ll No  ,387,  Warr  Jiuav  k Srashorr  Railroad  Company 

TEST  DEPARTMENT  BolletlZl  NO 10 

SHEET  NO...J?yy5i. 

Testa  Qf  a Olaeg  HSsb  Loo«POtlve, Altoona.  Pa... 


Mom  TEST  CONDITIOES. 


Test 

Test 

Soxation 

Revolatlons 

Speed  la 

Cut-off, 

Steam  Pre^^dure 

Supeihaat 

No* 

of 

Per 

Ullet 

Per  cent 

In  Boiler 

In  Branch 

In  Brand 

Test 

Per 

of 

Pounds 

Pipe,  Lbs, 

Pipe 

Deeisnation 

Mizxates 

Ulzmte 

Honr 

Stroke 

Per  Bq.ln* 

Per  sq.in, 

Degraas  K 

198 

199 
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40 
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20,7 

205.3 

201.2 

97,32 

3210 
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40 

7.19 

31.9 
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130*64 
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30 

40 
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170,79 
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15 

40 
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45 

60 

10.83 

21,9 
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201.2 

101.20 

3206 
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60 

10.83 

22,0 

205.9 

201,7 

108.92 

3209 

60.30.iF 

90 

60 

10.78 

33,0 
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90 

60 

10.78 
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30 

60 
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172,90 
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30 

60 
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165.71 
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16 

60 
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80 
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23.8 
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125.59 

3202 
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90 

80 
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34.6 
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202.0 

132.76 

3203 

80-40.F 

30 

80 

14.44 

42.1 
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144,98 
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60i.40.F 
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80 

14.44 

42.8 

205,5 

199.4 

152.14 

3238 

80.55.F 

30 

80 

14.38 

51,8 
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179.32 
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80.58.F 
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80.63.F 

60 

80 

14.38 
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42.6 

203.3 
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41.6 
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17,97 
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90 
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140-36-F 
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60 
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38.6 

204.1 
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185.03 

Sheet 


Table  XII. 

ENGINE  TEST  CONDITIONS. 

This  table  shows  the  pressure  and  superheat  of  the  steam  entering  the  steam  chest  for  the  various  speeds 
and  cut-offs  at  which  tests  were  run. 
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Fig.  34. 

SUPERHEAT  IN  LIVE  STEAM  AND  EXHAUST  STEAM. 

The  exhaust  superheat  is  small  up  to  a superheat  in  the  branch  pipe  of  165  degrees.  Thereafter  the  superheat 
in  the  exhaust  steam  increases  rapidly  as  the  branch  pipe  superheat  increases. 
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Fig.  35. 

SUPERHEAT  AND  INDICATED  HORSE-POWER. 

The  degree  of  superheat  increases  directly  with  the  power  output  of  the  locomotive,  due  to  the  increased 

rate  of  burning  coal. 
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Fig.  36. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  are  for  speeds  of  7 and  10  miles  per  hour. 
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Fig.  37. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  are  for  speeds  of  10, 14  and  18  miles  per  hour. 
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Fig.  38. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  are  for  speeds  of  21,  25  and  28  miles  per  hour. 


73 


LOCOMOTIVE: 

TYPE  ^-a-CP 
CLAssHa-a-es  no.  3^7 


Sheet  No.  I 87 


PENNSYLVANIA  RAILROAD  COMPANY 

Priladclpsia,  Baltikork  a WARinHOTON  Railroad  Compahy 
Northern  Ciktral  Railway  Compaht 
Wist  Jrrscy  A Srashore  Railroad  Company 


TEST  DEPARTMENT 


Bcji-L-ErriM  No 


» o 


■T*s:&TS  OF* oi-.-As.ss  HkO-SrB.UociOi^oTive::  . Altoona.  Pa..  1-7-181^ 


'TtC&T  MoS-t-ZA 
-Z-OO 

-ISO 

• loo 

- so 

OI^/vkIK.  Cf^-A.-KiK.  K»0>-<'T'  MS3/VO 

cox-orF'  XK^wrrLc:. 

170  3s  l.i-i.p  iSi3xA  SF-cerOKA  PH..  30.S 


Sheet  No.^^I  187 


Fig.  39. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  are  for  a speed  of  30  miles  per  hour. 
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Fig.  40. 

STEAM  PER  HORSE-POWER  AND  BACK  PRESSURE. 

The  least  back  pressure  decreases  as  the  steam  consumption  per  indicated  horse-power  hour  increases, 
and  at  the  same  steam  consumption  per  indicated  horse-power  hour  the  least  back  pressure  increases  with 
an  increase  of  cut-off. 
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Fig.  41. 

BACK  PRESSURE  AND  HORSE-POWER. 

The  least  back  pressures  for  the  H8b  saturated  steam  locomotive  are  below  those  for  the  H8sb  superheated 
steam  locomotive  at  indicated  horse-powers  from  500  to  1040.  Above  this  point  the  reverse  is  true. 
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Fig.  42. 

DROP  IN  PRESSURE  THROUGH  SUPERHEATER. 

The  curve  shows  that  the  drop  in  pressure  increases  with  the  indicated  horse-power  due  to  the  increasing 

volume  of  steam  used. 
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Table  XI 1 1. 

INDICATED  HORSE-POWER. 

The  maximum  indicated  horse-power  was  1829.9,  attained  at  a speed  of  29  miles  per  hour  with  a cut-off 
of  40  per  cent.  The  coal  consumption  does  not  exceed  3 pounds  per  indicated  horse-power  hour,  except  at 
cut-offs  above  40  per  cent.,  and  the  steam  per  horse-power  hour  ranges  between  16.8  and  27.1  pounds. 
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1 16.  Fig.  43  illustrates  the  increase  in  the  heat  in  the  steam 
per  i.h.p.  hour  as  the  cut-off  is  increased,  and  also  as  the  speed 
is  decreased. 

Coal  and  Steam  Consumption  Based  on  Indicated 
Horse-power. 

1 17.  The  curve  in  Fig.  44  shows  the  dry  coal  fired  in  pounds 
per  hour  and  the  resulting  indicated  horse-power  developed.  It 
varies  slightly  from  being  a straight  line  between  400  and  1500 
i.h.p.  Above  1500  i.h.p.  the  coal  consumption  increases  at  a more 
rapid  rate,  and  the  indicated  horse-power  developed  per  1000 
pounds  of  coal  fired  per  hour  decreases.  This  is  no  doubt  due  to 
the  large  heat  loss  in  the  unbumed  fuel  at  the  maximum  rate  of 
firing  as  is  shown  in  Table  X. 

1 18.  From  the  coal  per  hour  curve  is  plotted  another  curve 
shown  immediately  below,  and  designated  as  the  coal  per  indi- 
cated horse-power  hour  curve.  From  this  curve  it  is  observed 
that  when  the  coal  rate  is  2.35  pounds  per  i.h.p.  hour  the  indi- 
cated horse-power  developed  will  reach  400.  As  the  power  of 
the  locomotive  is  increased  up  to  1500  i.h.p.  the  coal  rate  will 
gradually  increase  to  2.67  pounds  per  i.h.p.  hour,  and  at  the 
maximum  power  output,  or  1820  i.h.p.,  the  rate  is  3.04  pounds  per 
i.h.p.  hour. 

119.  In  Fig.  45  the  relation  between  the  steam  consumption 
in  pounds  per  hour  and  the  resulting  indicated  horse-power  de- 
veloped is  represented  by  a straight  line.  This  shows  the  indicated 
horse-power  to  increase  directly  with  the  steam  consumption 
throughout  the  entire  range  of  power  developed  by  the  loco- 
motive. The  steam  per  indicated  horse-power  hour  curve  on  the 
same  diagram  is  calculated  from  the  steam  per  hour  curve.  It  is 
presented  to  show  what  steam  consumption  may  be  expected  from 
this  superheated  steam  consolidation  locomotive  when  operating 
it  at  indicated  horse-powers  from  400  to  1820. 

120.  The  steam  consumption  is  seen  to  rapidly  drop  as  the 
power  output  is  increased  up  to  1200  i.h.p.,  whereupon  it  falls  off 
at  a more  gradual  rate.  This  is  characteristic  of  superheater  loco- 
motives, and  is  due  to  the  increase  in  the  degrees  of  superheat  as 
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Fig.  43. 

B.  1.  u.  IN  THE  STEAM  PER  INDICATED  HORSE-POWER  HOUR  AND  CUT-OFF. 

The  heat  supplied  in  the  steam  per  indicated  horse-power  hour  increases  gradually  up  to  a 50  per  cent, 
cut-off,  after  which  it  increases  with  greater  rapidity. 
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Fig.  44. 

COAL  PER  HOUR  AND  HORSE-POWER. 

The  upper  curve  indicates  the  amount  of  coal  fired  per  hour  and  the  indicated  horse-power  produced  by 
it.  The  lower  curve  is  calculated  from  the  curve  above  and  represents  the  dry  coal  fired  per  indicated  horse- 
power hour. 
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PENNSYLVANIA  RAILROAD  COMPANY 
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Fig.  45. 

STEAM  AND  HORSE-POWER. 

The  straight  line  represents  the  steam  supplied  to  the  engines  in  pounds  per  hour  and  the  horse-power 
developed  from  it.  The  curve  below  showing  the  steam  per  indicated  horse-power  hour  is  calculated  from 
the  straight  line  above. 
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the  indicated  horse-power  increases.  At  400  i.h.p,  the  steam  con- 
sumption to  be  expected  is  approximately  22  pounds  per  i.h.p.  hour, 
while  at  1800  i.h.p.,  the  steam  consumption  amounts  to  18  pounds 
per  i.h.p,  hour. 


Superheat  and  Water  Rate. 

121.  There  is  given  in  Table  XIV,  the  draft  in  front  of  dia- 
phragm in  inches  of  water,  the  indicated  horse-power,  B.t.u.  in  the 
steam  per  indicated  horse-power  hour,  superheated  steam  per  indi- 
cated horse-power  hour  in  pounds,  dry  coal  per  indicated  horse- 
power hour  in  pounds  and  the  superheat  in  the  branch  pipe  in 
degrees  Fahr.  The  table  is  arranged  according  to  the  increase  in 
the  branch  pipe  superheat,  and  is  presented  to  show  just  what 
takes  place  throughout  the  range  of  superheat.  It  is  seen  that  the 
superheat  increases  with  the  draft  and  the  indicated  horse-power 
(Fig.  35). 

122.  A comparison  of  the  fuel  consumption  of  an  H8b  satu- 
rated steam  locomotive,  an  H6b  saturated  steam  locomotive  and 
the  H8sb  superheated  steam  locomotive.  No.  387,  is  given  in  Fig. 
46.  The  H8b  and  H8sb  locomotives  are  similar  with  the  exception 
that  the  latter  has  a Schmidt  type  superheater  and  larger  cylin- 
ders. The  H6b  locomotive  has  a smaller  grate  area  and  heat- 
ing surface  than  either  of  the  H8  locomotives  and  it  did  not 
have  a brick  arch.  Its  cylinders  are  two  inches  smaller  in 
diameter. 

123.  The  remarkable  uniformity  in  the  coal  consumption 
per  indicated  horse-power  hour  for  the  H8sb  is  observed  at  indi- 
cated horse-powers  ranging  from  400  to  1300  i.h.p.  The  coal 
consumption  per  i.h.p.  hour  is  approximately  2.5  pounds  up  to  1300 
i.h.p.  and  from  there  on  it  increases  to  3.5  pounds  per  i.h.p. 
hour  at  1800  i.h.p.  The  exceptional  (higher)  results  were  obtained 
in  tests  of  30  minutes  or  less  duration  (see  Par.  115). 

124.  The  absence  of  an  arch  in  the  H6b  locomotive  no  doubt 
accounts  for  the  small  difference  in  coal  consumption  between 
it  and  the  H8b  saturated  steam  locomotive  at  corresponding 
indicated  horse-powers. 
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21803 

17.4 

2.6 

145,70 

3204 

80-40-F 

3.2 

1252.4 

23649 

18,6 

2,6 

152,14 

3212 

100-25-F 

2.3 

1129.0 

22182 

17.4 

2.2 

154,25 

3213 

100-40-F 

4.5 

1478.4 

22868 

18,0 

2.7 

155.46 

3221 

120-30-P 

3.7 

1394.2 

22209 

17.5 

2.5 

155.56 

3208 

100-25-F 

2.4 

1131,9 

23036 

18,1 

2.2 

157.00 

3211 

100-25-F 

2.6 

1138,5 

22025 

18.1 

2,6 

157.41 

3218 

140-35-F 

5.5 

1588,8 

22646 

17.8 

3.2 

162,70 

3245 

60-7 5-P 

7.8 

1364,3 

29380 

23.0 

5,7 

165.71 

3222 

160-35-F 

5.9 

1738,1 

21340 

17,2 

2.9 

167,47 

3220 

140-40-F 

5.9 

1786,3 

22417 

17,6 

3,0 

168,88 

3246 

40-7 5-F 

5.4 

977,9 

31249 

24.4 

3.6 

170,79 

3247 

40-88-F 

6.2 

1019,0 

34679 

27.1 

5.9 

171,32 

3242 

60-68-F 

6,0 

1336,1 

27985 

21,9 

4.4 

172.90 

3214 

100-40-F 

4,0 

1432,7 

23205 

18.1 

2.9 

176,20 

3225 

140-25-F 

3,2 

1341,6 

22491 

17,6 

2.4 

176,34 

3238 

80-55-F 

5.4 

1469^0 

25256 

19.7 

4.0 

179.32 

3215 

100-4 5-F 

5.1 

1547.5 

23424 

18.3 

3,1 

179,67 

3244 

60-86-F 

8.1 

1358,1 

31608 

24,6 

5.0 

182,03 

3229 

160-30-F 

4.6 

1610.4 

22160 

17.1 

2,6 

182.10 

3224 

170-3 5-P 

5.8 

1613,4 

21593 

15.8 

2.7 

185.03 

3237 

100-55-F 

6.2 

1729.6 

23915 

18.6 

3.4 

185,38 

3230 

120-40-F 

5.1 

1632,2 

22780 

17.7 

2.9 

188.46 

3216 

120-50-P 

6.3 

1677.5 

24031 

18.7 

3.4 

192.62 

3235 

160-40-F 

6.4 

1829.9 

22574 

17.7 

3.1 

193.93 

3239 

80-5e-F 

6,1 

1560,7 

25689 

19.9 

3.9 

194.54 

3217 

120-50-F 

6.6 

1783,1 

23653 

18.4 

3,5 

196.48 

3236 

100-50-F 

5.8 

1657.0 

23920 

18.5 

3,0 

200.64 

3241 

80-63-F 

6.7 

1649.4 

26472 

20.4 

3.1 

210,25 
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Table  XIV. 

SUPERHEAT  AND  WATER  RATE. 

A table  arranged  to  show  the  influence  of  the  superheat  upon  the  water  and  coal  rates.  Conditions  such 
as  cut-off  and  power  developed  obscure  the  effect  of  superheat. 
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Fig.  46. 

COAL  PER  INDICATED  HORSE-POWER  HOUR. 

The  application  of  a superheater  to  the  H8b  saturated  steam  locomotive,  and  the  enlargement  of  its 
cylinders  from  24  to  25  inches  in  diameter,  results  in  a very  substantial  saving  in  coal. 
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125.  Comparing  the  curves  for  the  H8b  and  H8sb  loco- 
motives, it  is  at  once  apparent  that  the  application  of  a super- 
heater to  the  H8b  locomotive  together  with  an  increase  in  cyl- 
inder diameter  has  materially  increased  the  economy  in  coal  for 
this  class  of  locomotives.  At  500  i.h.p.  the  saving  is  approximately 
24  per  cent.,  while  at  1500  i.h.p.  the  saving  is  45  per  cent.  There 
is  observed  a very  uniform  rate  of  burning  coal  up  to  this  point. 
Above  1500  i.h.p.  the  rate  of  combustion  for  the  H8sb  locomotive 
increases  materially.  Under  the  conditions  it  is  at  least  unusual 
for  the  rate  of  combustion  to  exceed  pounds  per  i.h.p.  hour  up 
to  1800  i.h.p.,  and  with  the  proper  air  supply  this  should  not 
exceed  3 pounds. 

126.  There  is  shown  in  Fig.  47  the  comparative  perform- 
ance of  the  H6b,  H8b  and  H8sb  locomotives  from  the  standpoint 
of  steam  consumption  per  i.h.p.  hour. 

127.  The  steam  consumption  of  the  superheated  steam  H8sb 
locomotive  decreases  as  the  power  output  increases  from  400  to 
1400  i.h.p.  From  this  point  the  increase,  if  any,  is  very  slight  up 
to  1800  i.h.p.,  or  until  the  capacity  of  the  boiler  is  reached.  At 
400  i.h.p.  the  steam  consumption  is  22  pounds  per  i.h.p.  hour. 
The  minimum  consumption,  or  17.6  pounds  per  i.h.p.  hour,  is 
obtained  at  1400  i.h.p.  and  at  the  maximum  power  output  the 
steam  consumption  increased  to  18.8  pounds  per  i.h.p.  hour. 

128.  The  saving  in  water  thus  effected  between  the  H8b 
saturated  steam  and  the  H8sb  superheated  steam  locomotives  is 
26.3  per  cent,  at  500  i.h.p.  and  35  per  cent,  at  1500  i.h.p.,  based 
upon  the  steam  consumption  per  indicated  horse-power  hour. 

129.  The  H6b  saturated  steam  locomotive  is  shown  to  be 
more  economical  in  steam  than  the  H8b  saturated  steam  loco- 
motive more  particularly  at  the  lower  corresponding  indicated 
horse-powers.  This  probably  is  due  to  the  fact  that  the  H6b 
locomotive  has  cylinders  two  inches  smaller  in  diameter  than  those 
on  the  H8b  locomotive.  The  size  of  the  H6b  cylinders  is  22 
inches  in  diameter  with  a 28-inch  stroke. 

130.  The  economy  in  steam  of  th^  H8sb  superheater  loco- 
motive as  compared  with  the  H8b  locomotive  using  saturated 
steam  is  due  primarily  to  the  superheater,  and  the  fact  that  the 
cylinders  were  increased  in  diameter  from  24  inches  to  25  inches 
for  the  use  of  superheated  steam. 
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Fig.  47. 

STEAM  PER  INDICATED  HORSE-POWER. 

A remarkable  saving  in  steam  is  apparent  when  comparing  the  curve  for  the  H8sb  superheater  with  the 
curve  representing  the  performance  of  the  H8b  saturated  steam  locomotive. 
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LOCOMOTIVE  PERFORMANCE. 


Dynamometer  Records. 

131.  We  will  now  consider  the  test  results  for  the  locomo- 
tive as  a whole,  or  the  drawbar  pull,  the  rates  of  coal  and  water 
consumption  per  drawbar  horse-power,  and  the  output  of  the 
locomotive  in  drawbar  horse-power  at  the  various  speeds. 

132.  Comparison  will  be  made  with  the  class  H6b,  the  typical 
freight  locomotive,  which  is  the  immediate  predecessor  of  the  H8 
and  H9  classes. 


Drawbar  Horse-power. 

133.  Table  XV  gives  the  drawbar  pull  obtained  during  each 
of  the  tests,  the  dynamometer  or  drawbar  horse-power,  the  dry 
coal  per  dynamometer  horse-power  hour,  superheated  steam  per 
dynamometer  horse-power  hour,  the  B.t.u.  in  the  steam  per  draw- 
bar horse-power  hour  and  the  thermal  efficiency  of  the  locomotive. 

134.  The  drawbar  pull  ranged  from  9723  pounds  at  30.5 
m.p.h.  with  a 20  per  cent,  cut-off  to  49,872  pounds  at  7.2  rn.p.h. 
and  88  per  cent,  cut-off.  This  pull  of  49,872  pounds  is  3582 
pounds  above  the  rated  tractive  force,  which  is  arbitrarily  based 
upon  80  per  cent,  of  the  boiler  pressure  as  mean  effective  pressure 
and  represents  the  maximum  pull  which  can  safely  be  counted 
upon  under  average  conditions.  The  locomotive  was  operated 
with  a wide-open  throttle  during  all  of  the  tests. 

135.  The  dynamometer  horse-power  was  314.2  at  7.2  m.p.h. 
with  a 20  per  cent,  cut-off  and  1587.8  at  17.97  m.p.h.  and  a 55 
per  cent,  cut-off. 

136.  The  coal  consumption  ranged  between  2.6  and  4.3 
pounds  per  d.h.p.  hour  and  the  steam  coxxsumption  from  20.2 
pounds  to  29  pounds  per  d.h.p.  hour.  In  discussing  the  coal 
rates,  we  will  omit  reference  to  tests  of  30  minutes  or  less,  as  they 
were  run  primarily  to  obtain  a pull  speed  curve  and  the  time  of 
the  test  was  too  short  to  make  accurate  measurements  of  coal 
used. 
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137.  The  thermal  efficiency  of  the  locomotive  ranged  from  6.7 
per  cent,  to  2.9  per  cent.  The  highest  thermal  efficiency  obtained 
from  the  H6b  saturated  steam  locomotive  was  5.22  per  cent.,  while 
the  thermal  efficiency  of  the  H8b  locomotive  reached  5.47  per  cent. 

138.  The  limit  of  power  is  shown  in  Fig.  15.  Up  to  a rate  of 
firing  of  about  100  pounds  per  square  foot  of  grate  per  hour,  there 
is  a corresponding  increase  in  dynamometer  horse-power.  If 
coal  is  fired  at  rates  above  100  pounds,  there  may  even  be  a de- 
crease in  power.  Sixteen  hundred  dynamometer  horse- power  is 
then  about  the  maximum  possible. 

139.  The  steam  consumption  per  indicated  horse-power  hour 
at  each  speed  throughout  the  range  of  cut-off  is  shown  in  Fig.  48. 
It  is  observed  that  the  most  economical  cut-off  is  at  30  per  cent, 
of  the  stroke  and  that  an  economical  range  of  cut-off  is  found 
between  20  and  40  per  cent,  of  the  stroke.  At  each  speed  the 
steam  consumption  per  indicated  horse-power  hour  decreases 
slightly  with  an  increase  in  the  cut-off  until  a 30  per  cent,  cut- 
off is  reached,  beyond  this  cut-off  it  increases  rapidly  at  slow  speeds 
down  to  and  including  60  r.p.m  (10.8  m.p.h.).  The  steam  con- 
sumption per  indicated  horse-power  is  high  at  cut-offs  above  50 
per  cent.  The  most  economical  cut-off,  however,  as  will  be  seen, 
may  be  utilized  only  when  the  locomotive  can  be  worked  well 
within  its  maximum  as  to  boiler  capacity  and  cylinder  power, 
which  maximum,  as  shown  by  Fig.  48,  requires  a cut-off  between 
88  per  cent,  in  full  gear  and  seldom,  if  ever,  less  than  the  42  per 
cent,  necessary  at  30  m.p.h.,  about  the  maximum  speed  for  this 
class  of  locomotive. 

140.  The  indicated  horse-power  at  like  cut-offs  with  an  in- 
crease in  speed  and  also  at  like  speeds  with  an  increase  of  cut-off  is 
shown  by  Fig.  49.  At  speeds  up  to  80  r.p.m.  (14.4  m.p.h.)  the 
increase  in  power  following  an  increase  in  cut-off  is  less  rapid  than 
at  higher  speeds,  in  other  words^  for  a given  increase  in  cut-off  at 
any  two  speeds  there  is  approximately  the  same  increase  in  mean 
effective  pressure,  making  the  increase  in  power  nearly  propor- 
tional to  the  speed. 

Maximum  Power  of  Locomotive. 

141.  The  maximum  drawbar  pull  of  the  H8sb  locomotive,  at 
any  given  speed,  as  limited  by  the  capacity  of  the  boiler,  was  at- 
tained when  approximately  33,700  pounds  of  water  was  evapo- 
rated, and  furnished  to  the  cylinders  per  hour. 
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DRAWBAR  HORSBPOWER 

Test 

No. 

Test 

Designa- 

tion 

Bor  ac- 
tion 
of 
Test 
Uins. 

Drawbar 

Pull 

In 

Pounds 

Dynamometer 

01* 

Draw 

bar 

Horsepower 

Dry  Coal 

Per 

Dynamometer 

Horsepower 

Hour 

Superheated 
Steam  Per 
Dynamometer 
Horsepower 
Hour 

B.t.u.in 

Steam 

Per  Drawbar 
Horsepower 
Hour 

Theznal 

Efficien- 

cy 

Of  Locoru 

Per  cent 

265 

383 

364 

365 

399 

3207 

40-20-P 

120 

16331 

314.2 

3.1 

29.0 

35953.4 

6.6 

3206 

60*20-P 

105 

15653 

452,9 

3,0 

26.3 

32809.2 

6.8 

3206 

60-20-P 

45 

16221 

468.3 

3.1 

26.0 

33229.3 

5.6 

3310 

40-30-P 

120 

24524 

472.0 

3.1 

25,9 

32652.8 

5.6 

3201 

80-20-P 

120 

14060 

540.9 

3.4 

26.8 

32455.1 

5.1 

3209 

50-30-P 

90 

23480 

677.9 

3.0 

23.8 

29869.6 

5.6 

3227 

60-3&-F 

90 

26323 

760.0 

3.1 

24,5 

30717.6 

6.2 

3223 

120-20-F 

120 

13348 

770.8 

2.6 

22.8 

27781.4 

6.6 

3228 

170-20-F 

120 

9723 

795.4 

3.7 

25.0 

51465.8 

6.2 

3202 

80-30-F 

90 

22696 

873,7 

2.9 

22,3 

28171.7 

6.1 

3246 

40-76-P 

30 

48855 

878.8 

4.0 

27.2 

34769.6 

4.5 

3211 

100-25-F 

30 

18630 

896.5 

3.3 

23.0 

29081.5 

6,3 

3208 

100-25-F 

60 

18670 

896.4 

2.7 

22.8 

29023.6 

6.4 

3212 

100-25-P 

120 

19542 

940,4 

2.6 

20.9 

26631.6 

6,7 

3247 

40-88-F 

15 

49872 

955.7 

6.3 

28.9 

36974.4 

2.9 

3203 

80-.40-F 

30 

27562 

1061,0 

2.6 

22.5 

28619.2 

6.3 

3225 

140-25-F 

90 

15884 

1070.1 

3.0 

22.0 

28196,8 

6.3 

3204 

80-40-F 

105 

28053 

1079,9 

3,0 

21.5 

27425,3 

5.9 

3221 

120-30-F 

120 

19779 

1142 ;l 

3,0 

21.4 

27111,6 

6.1 

3242 

60-68-F 

30 

41816 

1202.9 

4.8 

24,3 

31084.0 

3.7 

3245 

60-7 5- F 

30 

42865 

1232,2 

6.3 

25.6 

32529.4 

2.9 

3213 

100-40-F 

30 

25788 

1240,9 

3.3 

21.4 

27244,6 

5.3 

3214 

100-40-F 

120 

25957 

1249,1 

3.3 

20.7 

26566.6 

5.6 

3244 

60— 86— F 

15 

44284 

1273,0 

5.3 

26,3 

33721.2 

3.4 

3229 

160-30-F 

120 

16628 

1280,2 

3,2 

21.5 

27819.4 

5,9 

3238 

80-55-F 

30 

33847 

1297.3 

4.5 

22,3 

28598.4 

4.2 

3218 

140-35-F 

120 

20131 

1366.2 

3.8 

20.8 

26530,0 

4,9 

3215 

100-4  5-F 

120 

28373 

1365,3 

3,5 

20.7 

26549.6 

5.2 

3239 

80-58-F 

60 

36898 

1414,2 

4.3 

22,0 

28340.0 

4.6 

3230 

120-40-F 

120 

24645 

1423.1 

3.3 

20.4 

26127,0 

5.8 

3222 

160-35-F 

60 

18515 

1425,5 

3,6 

21.0 

26721,6 

5,1 

3241 

80-63-F 

60 

37602 

1437.4 

3,6 

23.4 

30438.9 

5.3 

3224 

170-3&-F 

60 

17835 

1459.0 

3.3 

20,9 

26846,3 

5.7 

3216 

120-50-F 

60 

25758 

1487,4 

3.9 

21,1 

27267,1 

4.7 

3236 

100-50-F 

60 

31518 

1516,6 

3.2 

20,2 

26133.7 

5.9 

3235 

160-40-F 

60 

19924 

1534,0 

3,6 

21,1 

27072,1 

6,3 

3220 

140-40-F 

60 

22791 

1535.4 

3.5 

20.5 

26080,3 

5,3 

3217 

120-50-F 

45 

27184 

1569.7 

4.0 

20.9 

26868.0 

4.6 

3237 

100-55-F 

60 

33141 

1587.8 

3.7 

20,3 

26051.2 

5,2 
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Table  XV. 

DRAWBAR  HORSE-POWER. 

The  drawbar  pull  developed  ranges  between  9723  pounds  at  30.5  miles  per  hour  with  a 20  per  cent,  cut- 
off, and  49,872  pounds  at  7.2  miles  per  hour  and  88  per  cent,  cut-off.  The  maximum  dynamometer  horse- 
power is  1588. 
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Fig.  48. 

STEAM  PER  INDICATED  HORSE-POWER  HOUR  AND  CUT-OFF. 

This  diagram  is  used  in  calculating  the  maximum  drawbar  pull.  It  is  observed  that  the  most  economical 
cut-off  for  this  locomotive  is  at  30  per  cent,  of  the  stroke,  and  the  most  economical  range  of  cut-off  is  between 
20  and  40  per  cent,  of  the  stroke. 
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Fig.  49. 

INDICATED  HORSE-POWER  AND  CUT-OFF. 

This  diagram  is  used  in  calculating  the  maximum  drawbar  pull.  The  "X"  represents  the  maximum 
or  critical  cut-off  at  each  speed.  At  speeds  up  to  80  r.p.m.  (14  m.p.h.)  an  increase  in  cut-off  produces  but  a 
moderate  increase  in  power.  Above  this  speed  the  power  increases  rapidly  as  the  cut-off  is  extended. 
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1 42.  The  drawbar  pull  that  this  locomotive  is  capable  of 
sustaining  at  various  speeds  and  cut-offs  for  a considerable  period 
has  been  determined  by  the  method  as  outlined  in  previous  Bul- 
letins (see  Bulletin  No.  5,  page  27).  Referring  to  Figs.  48  and 
49,  where  the  steam  per  horse-power  and  horse-power  are  shown 
for  each  cut-off,  the  points  X have  been  selected  at  like  cut-off  for 
each  speed,  such  that  the  product  of  these  two  quantities,  is  closely 
equal  to  the  boiler  capacity  33,700  pounds  of  water  evaporated  per 
hour. 

143.  Table  XVI  following,  presents  the  results  in  maximum 
pull  obtained  by  the  aid  of  these  diagrams. 


TABLE  XVI. 


Consolidation  Type  Locomotive,  Class  H8sb  No.  387. 


t Spet 

R.  P.  M. 

SD 

M.P.H. 

Cut-off 

IN 

Per 

Cent. 

Steam 

Per 

I.  H.  P. 
Hour, 
Pounds 

1 1 

1 Maxi  | 
MUM  In-  ' 

DICATED 

Horse- 

Power 

Total 

Steam 

Per 

Hour, 

Pounds 

Average i 
Machine  1 
Friction  j 
inD.H.P. 
Pounds  j 

EsTIMAT-j 
ED  Maxi-. 

MUM 

D.  B.  P. 
Pounds 

Actual 

Maxi- 

mum 

D.  B.  P. 
Pounds 

1 

2 

3 

1 4 

i 

5 

1 

' ® 

7 

8 

9 

40 

7.19 

97.5 

32.10 

1050 

33705 

4763 

50529 

49872 

60 

10.78 

81.0 

24.15 

1390 

33568 

4536 

44118 

44284 

80 

14.44 

63.0 

20.05 

1680 

33684 

4735 

38894 

37502 

100 

17.97 

55.0 

18.88 

1785 

33700 

4039 

33015 

33141 

120 

21.56 

49.0 

18.13 

1855 

33631 

3654 

28029 

27184 

140 

25.16 

46.0 

17.80 

1895 

33731 

3752 

24009 

22791 

160 

28.75 

43.5 

17.60 

1920 

33792 

4076 

20808 

19924 

170 

30.50 

42.0 

17.50 

1930 

33775 

4338 

19495 

17835 

144.  The  calculated  maximum  drawbar  pull  thus  obtained, 
is  plotted  with  the  speed  in  m.p.h.  in  Fig.  50.  Eight  points  are 
shown  representing  the  maximum  drawbar  pull  for  speeds  which 
ranged  from  7.2  to  30.5  miles  per  hour. 

145.  On  the  same  diagram  are  shown  curves  drawn  through 
points  of  like  cut-off  representing  the  actual  drawbar  pull  at 
various  speeds  and  cut-offs  ranging  from  20  to  75  per  cent. 

146.  A study  of  the  drawbar  pull  curve  shows  that  at  18  miles 
per  hour  the  H8sb  locomotive  can  develop  33,000  pounds  drawbar 
pull,  with  a wide-open  throttle  and  a 55  per  cent,  cut-off.  At 
this  point  for  55  per  cent,  cut-off  the  maximum  capacity  of  the 
boiler  is  reached.  Consequently  at  speeds  greater  than  18  miles 
per  hour  the  cut-off  must  be  below  55  per  cent. 
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Fig.  50. 

DRAWBAR  PULL  AND  SPEED. 

The  actual  and  eatimated  maximum  drawbar  pulls  at  speeds  from  7 to  30.5  miles  per  hour. 


94 


147.  Further,  if  the  drawbar  pull  is  to  rise  above  33,000 
pounds  we  must  increase  the  cut-off  above  55  per  cent,  and  at  the 
same  time  decrease  the  speed. 

148.  There  is  shown  in  Fig.  51  the  drawbar  pull  for  the  H6b 
and  H8b  saturated  steam  locomotives,  and  the  H6sb  and  H9s 
superheated  steam  locomotives.  The  curves  represent  the  actual 
performance  of  these  locomotives  while  in  road  service  and  are 
plotted  from  dynamometer  car  records. 

149.  Referring  to  Fig.  50,  it  may  be  observed  that  the  curve 
for  the  H9s  locomotive  shown  in  Fig.  51  checks  the  theoretical 
curve  representing  the  performance  of  a similar  locomotive,  the 
subject  of  this  Bulletin. 

150.  Comparing  the  drawbar  pull  for  the  superheated  steam 
locomotive  H9s  and  the  saturated  steam  locomotive  H8b,  the 
H9s  is  23  per  cent,  more  powerful  than  the  saturated  steam 
locomotive  at  12  miles  per  hour.  Likewise  comparing  the  H6sb 
superheated  steam  locomotive  and  the  H6b  saturated  steam  loco- 
motive, the  H6sb  locomotive  has  a 15  per  cent,  greater  drawbar 
pull  at  12  miles  per  hour.  These  curves  are  representative  of  the 
present  day  possibilities  of  this  class  of  power,  and  indicate 
plainly  the  advantage  to  be  obtained  by  a superheater  and  the 
still  greater  gain  to  be  obtained  by  increasing  the  diameter  of  the 
cylinders  when  applying  a superheater  to  a saturated  steam 
locomotive,  as  was  done  with  this  H8sb  locomotive,  making  it 
equivalent  to  the  class  H9s. 

151.  The  recommended  tonnage  rating  of  the  saturated  and 
superheated  steam  consolidation  locomotives  in  freight  service  is 
shown  by  the  following  table : 

Comparison  of  Tonnage  Rating  on  Three  Divisions  Showing 
Recommended  Increase  in  Rating  of  Superheater 
OVER  Saturated  Steam  Locomotives  from 
Results  of  Road  Tests. 

New  York  Division — Eastbound. 

Ruling  Grade  0.4  per  cent,  for  1.3  miles,  Lawrenceville. 

Car  Factor  18.  Rating  Speed  8 m.p.h. 


Locomotive  Class 

Weight  of 
Train, 
Adjusted 
Tons 

Increase  in  Rating 

H6a-b  Saturated-... 
H6sb  Superheater 
H8b  Saturated.... 
H8sb  Superheater 

H9s  Superheater 

4275 

4950 

5100 

5350 

5900 

15.8  per  cent,  over  H6a-b. 

5 per  cent,  over  H8b. 
j 15.7  per  cent,  over  H8b. 

\ 38  per  cent,  over  H6a-b. 
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Fig.  51. 

DRAWBAR  PULL  AND  SPEED. 

Drawbar  pulls  for  the  H6b  and  H8b  saturated  steam  locomotives  and  the  H6sb  and  H9s  superheated 
steam  locomotives  from  records  made  by  a dynamometer  car  in  road  tests.  A comparison  of  pulls  at  a speed 
of  12  m.p.h.  shows  that  the  superheater,  H9s,  is  23  per  cent,  more  powerful  than  the  saturated  steam  H8b, 
and  the  H6sb  shows  a pull  15  per  cent,  above  that  of  the  saturated  steam  H6b. 
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Pittsburgh  Division. 

Car  Factor  4 
Rating  Speed  10  m.p.h. 


Eastern  Slope 

Ruling  Grade  1.88  Per  Cent. 
FOR  9 Miles 

Western  Slope 

Ruling  Grade  1.12  Per  Cent. 
FOR  3.5  Miles 

H6a-b  Saturated.— 
H6sb  Superheater. 
H98  Superheater. 

615 

725 

850 

17.9  per  cent,  over  H6a-b. 
38.2  per  cent,  over  H6a-b. 

1035 

1225 

1550 

18.3  per  eent.  over  H6a-b. 
50.0  per  cent,  over  H6a-b. 

Philadelphia  Division. — Low  Grade. 

Ruling  Grade  0.3  per  cent,  for  25  miles,  Creswell. 
Car  Factor  40. 

Rating  Speed  10  m.p.h. 


H6a-b  Saturated  - 

5100 

H8b 

Saturated- 

5700 

H8sb 

Superheater 

6275 

10  per  cent,  over  H8b. 

H9s 

Superheater 

6825 

f 19.7  per  cent,  over  H8b. 

\ 33.8  per  cent,  over  H6a-b. 

These  ratings  have  been  worked  out  from  road  trials  with  the 
dynamometer  car  and  are  apparently  correct  for  use  on  these 
divisions. 


152.  To  illustrate  further  the  effect  of  highly  superheated 
steam  in  the  operation  of  the  consolidation  type  locomotive,  Fig. 
52  is  presented.  Here  the  piston  speed,  in  feet  per  minute  is  shown 
with  the  weight  of  steam  per  i.h.p.  hour  for  the  H8sb  superheated 
steam  locomotive,  the  H8b  and  H6b  saturated  steam  locomotives. 
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Fig.  52. 

PISTON  SPEED  AND  WATER  RATE. 

This  diagram  shows  a comparison  of  the  effect  of  piston  speed  upon  water  rate  with  saturated  and  super- 
heated steam  consolidation  typo  locomotives.  While  the  water  rate  of  the  H8b  appears  to  be  high,  there  is  a 
remarkable  saving  in  steam  by  the  H8sb  superheater  when  compared  with  the  apparently  normal  perform- 
ance of  the  H6b. 
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153.  The  remarkable  economy  in  steam  obtained  from  the 
H8sb  locomotive,  throughout  the  entire  range  of  piston  speed 
cannot  fail  to  attract  attention,  compared  with  the  two  saturated 
steam  locomotives.  As  previously  mentioned  in  this  Bulletin, 
this  H8sb  locomotive  differs  from  the  H8b  saturated  steam 
locomotive,  in  using  superheated  steam  and  being  equipped  with 
cylinders  one  inch  larger  in  diameter.  The  H6b  locomotive, 
using  saturated  steam,  is  a smaller  locomotive  with  smaller 
driving  wheels. 

154.  The  economy  of  the  H6b  saturated  steam  locomotive 
above  that  of  the  larger  H8b  saturated  steam  locomotive,  is 
apparent.  One  reason  for  this  difference  in  steam  consumption 
is  no  doubt  due  to  the  few  tests  and  the  greater  amount  of  con- 
densation in  the  larger  cylinders  of  the  H8b  locomotive.  The 
H6b  locomotive  has  cylinders  22  inches  in  diameter,  while  those  on 
the  H8b  locomotive  are  24  inches  in  diameter. 

155.  It  is  also  possible  that  had  the  H8b  locomotive  been 
operated  at  more  cut-offs,  including  the  most  economical  ones  at 
each  of  the  speeds,  the  curve  showing  the  steam  performance  on  this 
diagram  would  have  more  nearly  approached  That  of  the  H6b 
locomotive. 

1 56.  The  advantage  to  be  derived  by  the  use  of  highly  super- 
heated steam  on  our  consolidation  type  locomotive  in  freight 
service  is  evident.  The  economy  to  be  obtained,  based  on  the 
H8b  saturated  steam  locomotive  at  250  feet  piston  speed  is  7.2 
.pounds  of  steam  per  i.h.p.  hour  or  a saving  of  approximately  24.7 
per  cent.  At  higher  speeds,  approaching  550  feet  per  minute,  the 
reduction  in  steam  used  is  8.6  pounds  per  i.h.p.  hour  or  a saving 
of  32.4  per  cent. 

157.  The  H8sb  superheated  steam  locomotive  and  the  H6b 
saturated  steam  locomotive  offer  a good  comparison  also.  Com- 
paring the  two  curves  it  is  observed  that  the  saving  in  water  or 
steam  at  a piston  speed  of  200  feet  per  minute  is  4.3  pounds  per 
i.h.p.  hour,  or  15.4  per  cent.  At  750  feet  per  minute  the  sav- 
ing obtained  from  the  superheated  steam  locomotive  is  6.5  pounds 
of  steam  per  i.h.p.  hour  or  27.5  per  cent. 

1 58.  The  performance  of  the  H6b  saturated  steam  locomotive 
is  very  good.  It  will  be  noticed  that  at  the  higher  speeds  a steam 
consumption  per  i.h.p.  hour  as  low  as  23.5  pounds  was  obtained. 
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Table  XVII. 

MACHINE  FRICTION. 

This  table  is  presented  to  show  the  friction  of  the  locomotive  machinery  as  measured  in  terms  of  horse- 
power, mean  effective  pressure,  drawbar  pull,  water  rate  and  coal  consumption. 
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159.  With  the  H8sb  superheated  steam  locomotive,  the 
steam  consumption  per  indicated  horse-power  hour  is  below  that 
for  the  E3sd,  K2sa,  E6s  and  K29s  passenger  locomotives  (re- 
ported upon  in  Bulletins  11,  18,  19  and  21)  using  superheated 
steam,  when  the  piston  speed  is  800  feet  per  minute  or  less.  In 
the  case  of  the  Hannover  compound  locomotive,  using  a low 
degree  of  superheat,  we  find  that  it  is  more  economical  in  steam 
than  the  H8sb  locomotive  at  piston  speeds  below  600  feet  per 
minute.  (Bulletin  11,  Fig.  47.) 

160.  It  should  also  be  observed  that  at  a piston  speed  of 
800  feet  per  minute  the  steam  consumption  of  this  superheated 
steam  locomotive  is  as  low  as  17  pounds  per  indicated  horse- 
power hour  or  a little  better  than  that  obtained  from  the  K2sa 
locomotive  at  a piston  speed  of  1300  feet  per  minute. 

Machine  Friction. 

161.  Table  XVIi  is  arranged  and  presented  to  show  the 
machine  friction  obtained  from  this  locomotive  in  terms  of  equiva- 
lent horse-power,  mean  effective  pressiu-e  in  pounds  per  square 
inch,  drawbar  pull  in  pounds,  stearn  to  engines  in  pounds  per  hour, 
dry  coal  fired  per  hour  in  pounds  and  the  machine  efficiency  in 
per  cent.  The  table  is  arranged  according  to  speed  from  40  to 
170  r.p.m. ; each  speed  is  arranged  according  to  the  increase  in 
cut-off. 

162.  An  analysis  of  the  table  indicates  that  the  time  ele- 
ment or  the  duration  of  the  test  is  a factor  to  be  taken  into  con- 
sideration, when  determining  the  machine  efficiency  of  the  loco- 
motive, hence  the  inconsistency  of  a part  of  this  data.  As  an 
example  we  may  refer  to  Tests  Nos.  3208,  3211,  3212  which  were 
run  at  a speed  of  100  r.p.m.  and  a cut-off  of  25  per  cent,  with  a 
wide-open  throttle.  The  duration  of  these  tests  was  60,  30  and 
120  minutes  respectively.  The  machine  friction  in  horse-power  is 
seen  to  decrease  from  242  horse- power  to  233.5  horse-power  and 
then  to  188.6  horse-power,  and  there  is  observed  a similar  de- 
crease in  the  other  equivalents  referred  to  in  this  table.  The 
machine  efficiency,  however,  is  observed  to  increase  at  the  same 
speed  and  cut-off  as  the  duration  of  the  tests  is  increased  as 
should  be  expected. 
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Fig.  53. 

MACHINE  EFFICIENCY  AND  THERMAL  EFFICIENCY  AT  DIFFERENT  SPEEDS. 

The  machine  efficiency  of  the  H8sb  locomotive  is  a fair  average  for  the  three  consolidation  type  locomotives. 
The  greater  thermal  efficiency  of  the  H8sb  superheated  steam  locomotive  at  speeds  above  15  miles  per  hour 
is  apparent. 
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163.  Comparing  Tests  Nos.  3213  and  3214,  run  at  the  same 
speed  and  cut-off,  we  cannot  fail  to  note  this  difference  in  machine 
friction  due  to  the  difference  in  the  test  duration. 

164.  The  machine  friction,  in  terms  of  drawbar  pull,  ranged 
from  2931  pounds  to  5726  pounds.  The  average  machine  fric- 
tion in  terms  of  drawbar  pull  for  all  of  the  tests  was  4235  pounds. 

165.  The  machine  efficiency  in  per  cent,  ranges  from  69.31 
to  93.79  per  cent. 

Efficiency  of  the  Locomotive. 

166.  The  machine  efficiency  of  the  H8sb  locomotive,  shown 
graphically  in  the  upper  portion  of  Fig.  53,  falls  off  slightly  as 
the  speed  increases.  Between  the  speeds  of  10  and  30  miles  per 
hour  the  machine  efficiency  is  80  per  cent,  or  above.  It  is  notice- 
able that  above  the  speed  of  19  miles  per  hour  the  H8b  loco- 
motive has  a slightly  higher  machine  efficiency  than  the  H8sb 
locomotive,  which  may  possibly  be  due  to  the  larger  cylinders 
of  the  latter.  The  machine  efficiency  of  the  H6b  locomotive,  is 
slightly  below  that  of  the  H8sb  locomotive. 

167.  In  the  lower  half  of  this  diagram  (Fig.  53)  is  similarly 
presented  the  thermal  efficiencies  of  the  H8sb,  H8b  and  H6b  loco- 
motives. 

168.  The  thermal  efficiency  of  the  H8sb  superheated  steam 
locomotive  is  seen  to  increase  with  the  speed  up  to  25  miles  per 
hour,  after  that  it  drops  off.  The  thermal  efficiency  at  this  speed 
is  6 per  cent. 

169.  A comparison  of  the  curves  indicating  the  thermal 
efficiencies  for  the  H8b  and  H6b  saturated  steam  locomotives 
shows  a rapid  drop  in  the  thermal  efficiencies  of  both  locomotives 
after  a speed  of  19  miles  per  hour  has  been  attained.  Especially 
is  this  noticeable  with  the  H8b  locomotive  due  to  its  greater  steam 
consiunption  per  i.h.p.  hour  (see  Fig.  47). 

CoAE  AND  Water  Saving. 

1 70.  The  coal  and  water  saving  which  is  obtained  by  the  use 
of  a superheater  and  larger  cylinders  on  this  locomotive,  is  shown 
on  Figs.  54  and  55.  A direct  comparison  between  the  H8sb‘and 
H8b  locomotives  is  possible  in  this  instance.  As  previously 
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Fig.  54. 

COAL  PER  DYNAMOMETER  HORSE-POWER. 

This  diagram  shows  that  at  full  load,  the  application  of  a superheater  and  large  cylinders  to  an  H8b 
saturated  steam  locomotive  effects  a saving  of  39  per  cent,  in  coal. 
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H8b  saturated  steam  locomotive.  The  saving  thus  effected  at  1250  dynamometer  horse-power  reaches 
32.8  per  cent 
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mentioned  in  this  Bulletin  the  only  difference  existing  between 
the  two  locomotives,  is  that  the  H8sb  locomotive  is  equipped  with 
a fire-tube  superheater  and  larger  cylinders,  designed  for  super- 
heated steam.  This  locomotive  was  originally  designed  as  an 
H8b  saturated  steam  locomotive  with  cylinders  24  x 28  inches. 
It  should  be  kept  in  mind  that  the  H8sb  locomotive  herein  de- 
scribed (No.  387)  was  rebuilt  with  larger  cylinders  as  an  experi- 
ment, and  further,  that  it  is  practically  similar  to  the  H9s  loco- 
motive now  in  service. 

171.  Referring  to  Fig.  54,  there  is  plotted  the  dry  coal  in 
pounds  per  dynamometer  horse-power  hour  with  the  dynamom- 
eter horse-power.  Three  curves  are  presented  showing  the 
performance  of  the  H8sb,  H8b  and  H6b  locomotives.  The  per- 
formance of  the  H6b  saturated  locomotive  is  not  quite  so  good  as 
that  for  the  H8b  saturated  locomotive,  with  an  exception  at  800 
dynamometer  horse-power,  where  the  coal  consumption  of  both 
locomotives  is  the  same. 

172.  Comparing  the  curves  for  the  H8sb  superheated  steam 
locomotive  and  the  H8b  saturated  steam  locomotive,  it  is  seen 
that  the  economy  in  fuel  consumption  increases  with  the  dyna- 
mometer horse-power  developed.  The  saving  in  coal  effected  by  the 
use  of  superheated  steam  in  the  H8sb  locomotive  is  23  per 
cent,  at  400  d.h.p.,  drops  to  18  per  cent,  at  600  d.h.p.,  and 
from  that  point  increases  to  39  per  cent,  at  1250  d.h.p.,  the 
maximum  dynamometer  horse-power  developed  with  the  H8b 
saturated  locomotive.  Thus,  it  is  seen  that  at  full  load  the  ap- 
plication of  a superheater  and  larger  cylinders  effects  a saving  of 
39  per  cent,  in  coal. 

173.  The  economy  in  water  or  steam  per  d.h.p.  hour,  as 
compared  with  the  dynamometer  horse-power  output  of  the 
locomotive  is  shown  on  Fig.  55.  Here,  likewise,  we  present  curves 
showing  the  steam  consumption  per  d.h.p.  hour  for  the  H8sb, 
H8b  and  H6b  locomotives. 

174.  Comparing  the  curves  representing  the  water  rates  for 
the  H8b  and  H6b  saturated  steam  locomotives,  the  better  water 
rate  of  the  H6b  locomotive  is  observed.  This  is  especially  true 
at  the  lower  dynamometer  horse-powers.  As  the  dynamometer 
horse-power  output  approaches  1200  the  steam  consumption  of 
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the  H6b,  saturated  steam  locomotive,  is  seen  to  approach  and  will 
coincide  with  the  consumption  of  the  H8b  locomotive  if  the  H6b 
locomotive  is  forced  to  1300  d.h.p. 

175.  Observing  the  curves  for  the  H8sb  superheated  steam 
locomotive  and  the  H8b  saturated  steam  locomotive,  the  economy 
in  the  water  rate  obtained  from  the  superheated  steam  loco- 
motive is  at  once  apparent.  At  400  d.h.p.  the  saving  is  25.2  per 
cent.;  this  saving  drops  to  23.8  per  cent,  at  650  d.h.p.,  whereupon 
it  rapidly  increases  with  an  increase  in  the  dynamometer  horse- 
power to  32.8  per  cent,  at  1250  d.h.p. 

176.  The  conclusions  confirmed  by  these  tests  on  an  experi- 
mental H8sb  locomotive,  are  that  the  saving  in  water  and  coal  in- 
creases with  the  increased  power  developed  by  the  locomotive. 
At  the  power  limit  of  the  saturated  steam  locomotive  we  may 
anticipate  a saving  in  coal  of  39  per  cent,  and  a saving  in  water 
32.8  per  cent.,  and  this  is  an  important  economy,  as  it  may  be 
further  utilized  for  increasing  the  capacity  of  the  locomotive.  In 
other  words,  it  is  possible  to  give  this  locomotive  a larger  tonnage 
rating  than  its  predecessor,  the  H8b  saturated  steam  locomotive. 
This  increase  in  rating  may  approximate  32  per  cent,  in  view 
of  the  fuel  and  water  economy  above  mentioned. 

177.  It  was  observed  in  Fig.  51,  that  the  increase  in  drawbar 
pull  for  the  H9s  superheater  locomotive  above  that  of  the  H8b, 
increased  from  10  per  cent,  at  starting  to  25  per  cent,  at  30  miles 
per  hour. 

178.  In  view  of  this  fact  it  would  appear  that  the  full  possi- 
bilities of  the  H9s  locomotive  were  not  realized,  especially  at  low 
speeds  and  it  is  probable  that,  as  the  locomotive  crews  become 
more  familiar  with  the  operation  of  this  class  of  locomotive,  its 
possibilities  as  set  forth  in  this  text  will  be  utilized  to  a greater 
extent. 

179.  Higher  speeds  may  also  be  maintained  with  the  H8sb 
superheated  steam  locomotive  than  with  the  H8b  saturated 
steam  locomotive  when  hauling  trains  of  like  tonnage.  This  is 
shown  on  Fig.  51,  illustrating  the  greater  drawbar  pulls  of  th^ 
superheated  steam  locomotive  at  the  higher  speeds. 

180.  The  increase  in  the  dynamometer  horse-power  gained 
through  the  reduction  in  steam  per  d.h.p.  hoiu*,  assuming  1400 
d.h.p.  as  the  maximum  power  output  of  the  H8b  locomotive  is  14 
per  cent. 
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CONCLUSIONS. 

Boiler. 

1.  When  the  combustion  rate  exceeds  5500  pounds  of  coal 
per  hour,  or  100  pounds  per  square  foot  of  grate,  the  indications 
are,  that  the  coal  is  very  imperfectly  burned.  (Par.  36.)  It  was 
found  that  the  carbon  monoxide  in  the  smokebox  gases  rapidly 
increased  at  rates  of  firing  above  5000  pounds  per  hour.  This  is 
an  indication  of  insufficient  air  supply  at  the  high  rates  of  com- 
bustion. (Par.  45.) 

2.  There  is  an  equal  vacuum  or  draft  both  front  and  back  of 
diaphragm,  and  this  would  indicate  that  there  is  little  or  no  loss 
on  account  of  the  presence  of  the  diaphragm.  (Par.  39.) 

3.  The  heat  absorbed  by  the  superheater  is  found  to  be  less 
than  10  per  cent,  of  that  absorbed  by  the  water  heating  surface. 
(Par.  48.) 

4.  A satisfactory  self-cleaning  arrangement  of  smokebox  for 
this  locomotive  is  shown  in  Fig.  10.  With  this  arrangement  the 
smallest  opening  for  gases  is  3.88  square  feet  or  54  per  cent,  of 
the  opening  through  the  tubes.  (Par.  53.) 

5.  It  is  believed  that  an  improvement  would  be  made  by  de- 
creasing the  width  of  the  centre  grate  bearer  so  that  the  active 
shaking  part  of  the  grate  would  be  increased.  Such  an  improved 
form  of  grate  is  now  used  on  the  E6s  and  H9s  locomotives.  (Par. 
105.) 

6.  The  loss  in  steam  pressure  between  the  boiler  and  cyl- 
inders under  the  condition  of  maximum  evaporation  is  11  pounds. 
(Par.  113.) 

Engines. 

7.  The  maximum  indicated  horse-power  obtained  was  1830. 
(Par.  115.) 

8.  The  dry  coal  per  indicated  horse-power  ranged  between 
2.2  and  3.9  pounds.  (Par.  115.) 

9.  The  steam  per  indicated  horse-power  ranged  between  16.8 
and  22.1  pounds  per  hour.  (Par.  115.) 

1 0.  There  is  a remarkable  uniformity  in  the  coal  consumption 
per  indicated  horse-power  hour.  It  is  approximately  2.5  pounds 
up  to  1300  indicated  horse-power,  and  from  there  on  it  increases 
to  3.5  pounds  at  1800  indicated  horse-power.  (Par.  123.) 
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1 1 . Comparing  the  H8b  and  H8sb  locomotives  there  is  a 
saving  in  steam  of  26.3  per  cent,  at  500  indicated  horse-power 
and  35  per  cent,  at  1500  indicated  horse-power.  (Par.  128.) 

12.  The  increase  in  cylinder  diameter  appears  to  be  partly 
responsible  for  the  saving  in  steam,  as  it  makes  possible  the  use 
of  short  cut-offs.  (Par.  130.) 

Locomotive. 

13.  The  operation  of  this  locomotive  is  most  economical  at 
a cut-off  of  30  per  cent.,  while  an  economical  range  of  cut-off  lies 
between  20  and  40  per  cent.  (Par.  139.) 

14.  This  consolidation  type  locomotive  develops  a maximum 
drawbar  pull  of  49,872  pounds,  and  this  is  about  3600  pounds 
above  its  rated  pull.  (Par.  134.) 

15.  Comparing  the  H8b  with  the  H9s  we  find,  from  road 
tests,  that  the  H9s  is  23  per  cent,  more  powerful  than  the 
saturated  steam  locomotive  at  a speed  of  12  miles  per  hour. 
(Par.  150.) 

16.  Comparing  the  H8b  and  H8sb,  the  saving  in  coal  by 
the  superheater  locomotive  with  larger  cylinders  is  between  23 
per  cent,  and  39  per  cent.  The  economy  in  steam  is  between 
23.8  per  cent,  and  32.8  per  cent.  (Pars.  172  and  175.) 

Recommendations  . 

1.  The  class  H9s,  as  now  being  built,  excepting  the  front 
end  arrangement,  embodies  the  changes  desirable  for  the  improve- 
ment of  the  class  H8sb,  as  indicated  by  these  test  results,  and 
with  this  in  mind,  we  would  recommend  the  following: 

(a)  When  new  cylinders  are  required,  25  X 28  inch  cyl- 

inders of  the  H9s  class  should  be  applied  to  the 
class  H8sb. 

(b)  When  new  grates  are  applied  to  the  H8sb  class,  the 

H9s  class  grate  should  be  used.  (Par.  105.) 

2.  In  order  to  reduce  the  somewhat  excessive  vacuum  in  the 
ashpan,  additional  openings  in  it  should  be  provided,  if  possible, 
so  that  the  total  area  of  the  openings  will  be  at  least  8.5  square 
feet.  (Par.  40.) 
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3.  We  would  recommend  the  application  of  the  front  end 
arrangement,  as  shown  in  Fig.  10,  to  all  H8sb  and  H9s  loco- 
motives. (Par.  54.) 


C.  D.  YOUNG, 

Engineer  of  Tests. 


Approved : 

J.  T.  WALLIS, 

General  Supt.  Motive  Power. 


Test  Department, 
Altoona,  Penna., 

February  2,  1914. 
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GRAPHICAL  LOGS  OF  TESTS. 


A graphical  log  is  made  for  each  test  to  show 
the  conditions  at  each  ten-minute  interval,  and  to 
indicate  any  irregularity  in  the  weights  of  coal 
and  water  during  the  run.  These  diagrams  are 
on  file  with  the  Test  Plant  records.  A few  repre- 
sentative ones  only  being  shown  here. 
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M.  P.  Experimental  D>1  U • 

Pennsylvania  Railroad  Company 

Philaoclpmia.  Baltimcme  a WASMitieTOB  Railroad  Compamt 

Northern  Central  Railway  Company 

West  Jerset  a Seashore  Railroad  Company 

SHCfT  No  P-1216  TEST  DEPARTMENT  Bollstlll  Nq.  10 

Graphical  log  of  Locomotive  Test 

Teats  of  a Class  HSsb  Locomotlys,  ..Altooma.  Pa..  4-7-1915 
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PENNSYLVANIA  RAILROAD  COMPANY 

Locomotive  Testing  Plant 

AT 

ALTOONA,  PENNA. 

BULLETIN  NO.  11 

TESTS  OF  A CLASS  E3SD  LOCOMOTIVE 

Copyright,  1914,  by  Pennsylvania  Railroad  Company 


1914 


ATLANTIC  TYPE  LOCOMOTIVE  No.  3162  (SATURATED  STEAM). 
Pennsylvania  Railroad  Class  E2d. 


ATLANTIC  TYPE  LOCOMOTIVE  (SUPERHEATED  STEAM). 

Pennsylvania  Railroad  Class  E3sd.  A locomotive  of  the  same  class  as  No.  318,  the  one  tested. 
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LOCOMOTIVE  TESTING  PLANT. 


TESTS  OF  A CLASS  E3sd  PASSENGER  LOCOMOTIVE. 


Conclusions  and  Recommendations  on  pages  122  and  124, 
Index  on  page  166. 


Tests  of  one  of  the  Oeder  Forms  of  Atlantic  Type  Passen- 
ger Locomotive  which  has  lately  been  Equipped  with  a 
Superheater  and  Comparisons  with  a Locomotive  of  the 
SAME  Type  using  Saturated  Steam. 


INTRODUCTION. 

1.  For  the  heavier  passenger  train  service  on  many  trunk 
line  railroads,  the  tendency  has  been  to  substitute  for  the  Atlantic 
type  locomotive  the  heavier  Pacific  type,  which  can  be  constructed 
for  greater  power,  but  doubtless,  there  will  continue  to  be  many  divi- 
sions on  our  own  lines  over  which  the  operation  of  Pacific  type 
locomotives  need  not  be  considered,  and  for  service  on  these  divi- 
sions the  Atlantic  type  is  especially  well  adapted.  By  the  addition 
of  the  superheater  to  the  older  locomotives  of  this  type,  there  is 
now  a possibility  of  greatly  increasing  their  capacity  where  a large 
capacity  is  needed,  or  increasing  their  economy  where  they  work 
under  moderate  loads  without  necessitating  any  increase  in  the 
strength  of  the  track  structure  over  which  they  run. 

2.  With  this  fact  in  mind  there  has  been  a gradual  conversion 
of  Atlantic  type  saturated  steam  locomotives  into  superheater 
locomotives. 

3.  The  tests  described  here  were  made  on  one  of  these  con- 
verted Atlantic  type  locomotives  of  the  E3sd  class.  No.  318,  and 
a study  of  this  Bulletin  serves  to  show  its  improved  performance 
over  the  class  E2d  saturated  steam  locomotive,  due  primarily  to 
the  application  of  the  superheater. 

4.  The  comparison  is  made  with  the  E2d  saturated  locomotive 
No.  3162,  which  was  previously  tested  on  the  Plant.  At  the  time 
of  the  tests  of  this  No.  3162,  it  was  not  equipped  with  an  arch. 
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5.  With  the  advent  of  the  superheater  and  the  use  of  the  brick 
arch  in  the  firebox,  it  was  reasonable  to  assume  that  an  increase  in 
the  capacity  of  this  type  of  locomotive  might  easily  be  made ; thus 
it  could  be  adapted  to  still  further  use  for  heavy  trains  with  fast 
schedules  when  operated  on  easy  grades. 


Description  of  the  Locomotive. 


6.  Locomotive  No.  3d8,  the  superheater  locomotive,  known 
as  the  E3sd  class,  is  of  the  Atlantic  type  and  has  two  simple  cylin- 
ders. It  is  hand-fired  and  the  superheater  is  of  the  Schmidt  type. 
It  is  one  of  a number  used  in  regular  passenger  service  on  the  New 
York  Division  and  was  built  at  Juniata  Shops,  Altoona,  Pa.,  in 
1908.  A superheater  and  an  arch  were  added  in  1912. 

7.  Before  placing  locomotive  No.  318  on  the  test  plant,  it  was 
taken  into  the  shops  and  overhauled.  The  boiler  was  cleaned, 
tires  turned  and  new  tubes  were  put  in.  The  machinery  was  put 
in  good  repair. 

8.  The  locomotive  was  placed  on  the  test  plant  and  run  for 
a time  to  get  the  bearing  surfaces  in  good  condition  preparatory 
to  the  tests. 

9.  The  general  dimensions  of  the  E3sd  locomotive  are  as  fol- 
lows: 


Total  weight  in  working  order,  pounds - 185400 

Weight  on  drivers,  working  order,  pounds 127900 

Cylinders  (simple)  inches 22  x 26 

Diameter  of  drivers,  inches 80 

Heating  surface  in  tubes  (water  side)  square  feet 1836.10 

Firebox  heating  surface,  square  feet  including  arch  tubes.  179.42 

Heating  surface  of  superheater,  fire  side,  square  feet 560.60 

Total  heating  surface  (based  on  fire  side  of  firebox  and 

water  side  of  tubes)  including  arch  pipes  and  superheater..  2574.33 
Total  heating  surface  (based  on  fire  side  of  firebox  and 

tubes)  including  arch  pipes  and  superheater 2381.52 

Grate  area,  square  feet 54.  70 

Boiler  pressure,  pounds  per  square  inch... 205 

Valves,  type 14  in.  Piston 

V al ve  motion Walschaer ts 

Firebox,  type.. Wide,  Belpaire 

Number  of  tubes 170 

Number  of  flues  (for  superheater) 24 

Outside  diameter  of  tubes,  inches 2 

Outside  diameter  of  flues,  inches 5f 

Length  of  tubes,  inches .....  179.71 
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10.  The  maximum  calculated  tractive  effort  at  starting  is 
25,797  pounds  with  80  per  cent,  of  the  boiler  pressure  available  as 
mean  effective  pressure  in  the  cylinders.  This  is  equivalent  to 
157.3  pounds  drawbar  pull  per  pound  of  mean  effective  pressure. 
The  ratio  of  weight  on  drivers  to  the  calculated  maximum  tractive 
effort  is  4.95. 

General  Arrangement. 

1 1.  The  general  arrangement  of  locomotive  No.  318  is  shown 
in  Fig.  1.  Cross-sections  of  it  are  shown  in  Fig.  2. 

Boiler. 

12.  The  boiler,  Figs.  3 and  4,  is  of  the  Belpaire  type.  It  has 
a wide  grate,  a sloping  back  head  and  throat  sheet.  In  the  fire- 
box is  a brick  arch  supported  on  three  3-inch  water  tubes.  The 
feed  water  is  delivered  to  the  boiler  through  a pipe  entering  the 
back  head,  and  extending  inside  the  boiler  to  the  front  end.  The 
heating  surface  (fireside)  before  the  addition  of  the  superheater 
was  2336  square  feet.  With  the  superheater  in  place  the  heating 
surface  including  the  superheater  is  2381  square  feet.  The  total 
heating  surface  is  therefore  practically  unchanged,  by  the  appli- 
cation of  the  superheater,  but  the  fire  tube  heating  surface  is 
decreased  by  about  530  square  feet  and  replaced  by  about  560 
square  feet  of  superheating  surface. 

Grates. 

1 3.  The  grate  area  of  this  locomotive  is  54.70  square  feet.  The 
dimensions  of  the  grate  are  approximately  6 feet  wide  and  9 feet 
3 inches  long.  The  interlocking  finger  type  of  shaking  grate  is  used 
(see  Fig.  5),  and  the  grates  are  shaken  in  two  separate  sections. 

14.  When  the  locomotive  came  on  the  testing  plant,  there 
were  stationary  dead  grates  or  blocked  off  sections  at  both  the  front 
and  rear  ends  of  the  firebox.  A few  tests  were  made  with  the  dead 
grates  in  position.  With  the  idea  of  obtaining  a better  grate  per- 
formance, the  cement  covering  was  removed  from  the  dead  grates. 
This  increased  the  area  of  the  air  inlet  openings  3.56  square  feet. 
Drop  grate  sections  are  located  at  each  end  of  the  firebox  between 
the  finger  grate  section  and  the  stationary  grate  sections.  For 
tests  of  a similar  arrangement  of  blocked  off  grates,  see  Bulletin 
No.  8,  “Grate  Area  Reduced. ” With  locomotive  No.  318  there 
was  a small  increase  in  the  maximum  boiler  capacity  with  the  full 
grate  in  use. 
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1 5.  The  grates  are  supported  in  the  center  of  the  firebox  by  a 
cast-iron  center  grate  bearer  running  longitudinally  with  the  firebox. 

16.  The  area  of  the  active  shaking  portion  of  the  grate  was 
28  square  feet  when  tests  were  made.  The  drop  grate  sections 
cover  an  area  of  15  square  feet  and  the  stationary  live  grates  11.7 
square  feet. 

1 7.  The  ashpan  is  of  the  self-cleaning  type,  operated  from  the 
outside  of  the  locomotive. 


Superheater. 

18.  The  boiler  of  locomotive  No.  318  is  equipped  with  a 
Schmidt  type  fire  tube  superheater  with  top  header.  There  are 
24  large  flues,  each  of  which  contains  a superheater  unit. 

19.  As  shown  in  Fig.  6,  the  superheater  unit  extends  from  the 
saturated  side  of  the  superheater  header  back  through  the  large 
flue  to  a point  near  the  firebox  end,  thence,  after  making  two 
passes  through  the  large  flue,  it  returns  to  the  superheated  side  of 
the  header.  The  outside  diameter  of  the  small  tubes  is  1.5 
inches;  the  inside  diameter  of  the  large  flues  is  5.079  inches.  The 
total  area  of  the  superheater  is  560.60  square  feet.  The  super- 
heater heating  surface  forms  24  per  cent,  of  the  total  heating 
surface  of  the  boiler. 

20.  An  automatically  operated  superheater  damper  is  used 
to  prevent  the  overheating  of  the  superheater  imits  when  no 
steam  is  passing  through  them. 

Smokebox. 

21.  A longitudinal  section  through  the  smokebox  showing 
the  arrangement  of  the  draft  appliances  and  netting  is  given  in 
Fig.  6. 

22.  The  smokebox  is  designed  to  be  self-cleaning.  The 
back  portion  of  it  is  taken  up  by  an  enclosed  superheater  chamber, 
from  the  bottom  of  which  a solid  diaphragm  plate  extends  down 
to  the  top  of  the  exhaust  pipe,  thence  the  diaphragm  extends  out 
TJ  inches  beyond  the  center  of  the  exhaust  pipe.  From  this 
point  a wire  mesh  netting  extends  at  an  angle  to  the  top  of  the 
smokebox,  covering  the  whole  area. 
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LOCOMOTIVE  No.  318,  CLASS  E3sd. 

Locomotive  Test  Plant,  Pennsylvania  Railroad  Company,  Altoona,  Pa. 
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GENERAL  ARRANGEMENT. 
Class  E3sd  Locomotive  No.  318. 


SCALE  , FEET  A INCHES 
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END  ELEVATIONS  AND  CROSS  SECTION 
Class  E3sd  Locomotive  No.  318. 
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23.  The  top  of  the  exhaust  nozzle  is  14 J inches  below  the  hori- 
zontal center  line  of  the  boiler  and  12  inches  below  the  bottom  of 
the  lift  pipe.  The  lift  pipe  flG  inches  inside  diameter),  is  40f 
inches  long,  it  terminates  in  the  bottom  of  the  stack  which  tapers 
to  18|  inches  in  diameter  at  the  top.  The  steam  pipes  are  of  the 


Fig.  4. 

TUBE  SHEETS. 

Class  E3sd  Locomotive  No.  318. 


outside  type,  affording  an  unrestricted  passage  for  the  smokebox 
gases. 

24.  Tests  were  made  with  both  rectangular  and  circular 
nozzles.  The  rectangular  nozzle  shown  jn  Fig.  7,  with  an  area  of 
25.44  square  inches,  was  used  in  the  tests  from  which  the  data 
presented  in  this  Bulletin  was  derived,  and  with  the  smokebox 
arrangement,  as  shown  in  Fig.  6,  very  satisfactory  results  were 
obtained  both  in  steaming  and  in  discharging  cinders  from  the 
smokebox. 

Cylinders. 

25.  The  cylinders  (see  Fig.  8)  are  made  of  cast  iron.  Their 
standard  dimensions  for  this  class  of  locomotive  are  22  inches  in 
diameter  with  a 26  inch  stroke.  The  saddle  and  cylinder  are 
cast  in  separate  parts. 
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Fig.  5. 

GRATE  AND  ASHPAN. 
Class  E3sd  Locomotive  IMo.  318. 
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26.  The  steam  pipes  from  superheater  to  cylinders  pass 
through  the  side  of  the  smokebox  and  connect  at  the  side  of  the 
steam  chest.  The  exhaust  passage  to  the  nozzle  is  indirect,  con- 
taining a number  of  bends,  some  of  which  are  of  short  radius. 

27.  The  E3sd  locomotive  originally  had  a single  steam  pipe, 
but  with  the  use  of  the  outside  form  of  steam  pipe  the  con- 
nection of  the  single  pipe  to  the  cylinder  saddle  has  been  covered 
by  a plate  as  shown  in  Fig.  8,  and  the  steam  no  longer  passes 
through  the  cylinder  saddle. 

28.  The  cylinders  are  designed  for  piston  valves.  The  size 
of  valve  used  is  14  inch.  It  has  inside  admission  and  is  fitted 
with  the  “L”  type  of  packing  ring.  This  valve  and  valve  cage 
are  shown  in  Fig.  8-A, 

29.  While  this  locomotive  was  at  the  test  plant,  tests  were 
made  also  with  7-inch  diameter  valves  and  10-inch  valves.  The 
valve  chambers  were  bushed  in  order  to  use  these  valves.  These 
tests  will  be  described  in  a separate  Bulletin. 


Fig.  7. 

EXHAUST  NOZZLE. 
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CYLINDERS. 

Class  E3sd  Locomotive  No.  318 
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Tests. 

30,  A total  of  72  tests  were  made  with  the  E3sd  locomotive 
No.  318;  most  of  these  were  for  various  special  purposes. 


Fig.  S-A. 

PISTON  VALVE  AND  VALVE  CAGE. 

Class  ESsd  Locomotive  No.  318.  * 

31.  In  this  Bulletin,  the  data  is  compiled  from  tests  made 
with  the  locomotive  in  normal  condition. 

32.  The  tests  to  be  considered  are  shown  in  the  following 
table,  together  with  their  respective  speeds  from  28  to  84  miles 
per  hour,  with  cut-offs  varying  from  20  to  50  per  cent,  and  all 
run  under  a full  throttle. 
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Full  Throttle  Tests,  Locomotive  No.  318,  E3sd. 


33.  The  general  conditions  during  the  tests  are  shown  in 
Tables  I,  II  and  III.  Tables  I and  II  are  arranged  according  to 
the  increase  in  speed  and  cut-off.  Table  III  is  arranged  according 
to  the  rate  of  evaporation. 

Coal  Used. 

34.  A bituminous  coal  was  used  during  these  tests.  It  is 
mined  by  the  Penn  Gas  Coal  Company  in  the  vicinity  of  Irwin, 
Penns>Ivania,  and  is  one  of  those  used  in  passenger  service  on  the 
Pennsylvania  Railroad. 

35.  As  is  customary,  test  samples  were  taken  from  each  car 
as  it  was  being  unloaded  at  the  test  plant.  An  average  analysis 
of  an  air  dried  sample  follows: 


Proximate  Analysis. 

Fixed  carbon,  per  cent. 57.25 

Volatile  matter,  per  cent 34.46 

Moisture,  per  cent 1.24 

Ash,  per  cent 7.05 


100.00 

Sulphur  separately  determined 1.82 

B.t.u  per  pound  of  coal  as  received 14210 

B.t.u  per  pound  of  coal,  dry 14392 

B.t.u  in  combustible 15550 

Ultimate  Analysis. 

Carbon 79.19 

Hydrogen 5.08 

Nitrogen  1.53 

Sulphur 1.62 

Ash , 6.36 

Oxygen  by  difference 6.22 


100.00 


s 
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BOILER  PERFORMANCE. 


Steam  Pressures  and  Temperatures. 

36.  The  steam  pressures  by  gage  are  given  in  Table  I for  the 
boiler,  dry  pipe,  superheater  header  (saturated  side)  return  bend, 
branch  pipe  and  exhaust  passage.  The  corresponding  tempera- 
tures for  boiler,  branch  pipe  and  exhaust  passage  are  shown  in 
Table  II,  together  with  the  degree  of  superheat  in  the  exhaust 
passage. 

37.  It  will  be  observed  that  the  boiler  pressure  throughout 
these  tests  was  well  maintained.  In  a majority  of  the  tests  it 
averaged  around  205  pounds,  while  in  a very  few  instances  the 
pressure  dropped  to  about  196  pounds. 

38.  The  drop  in  pressure  between  dry  pipe  and  branch  pipe, 
or  during  its  passage  through  the  superheater,  ranges  from  2.9 
pounds  for  light  power  tests  to  18  pounds  for  maximum  power 
tests. 

39.  The  pressure  in  the  exhaust  passage  varied  from  2.4 
pounds  to  12.9  pounds.  The  latter  pressure  was  observed  at  the 
maximum  evaporation  rate  of  14.5  pounds  per  square  foot  of 
heating  surface. 

40.  It  is  interesting  to  note  the  pressure,  together  with  the 
range  of  temperature  and  superheat  at  the  different  rates  of  firing. 
Referring  to  Fig.  9,  it  is  seen  that  the  temperature  of  steam  in  the 
branch  pipe  increased  from  505  degrees  Fahr.  to  632  degrees,  while 
the  rate  of  firing  increased  from  31  to  109  pounds  per  hour  per 
square  foot  of  grate. 

4 1 . Meanwhile  the  superheat  in  the  exhaust  passage  increased 
from  6.4  to  83  degrees  Fahr.  The  latter  figure  was  attained  during 
the  maximum  rate  of  combustion  and  is  somewhat  higher  than  the 
superheat  in  the  exhaust  passage  of  the  E6s  locomotive  No.  89 
(see  Bulletin  No.  21,  Table  II). 
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Table  I. 

STEAM  PRESSURE. 

The  steam  pressure  between  the  boiler  and  exhaust  passage. 
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Table  II. 

STEAM  TEMPERATURES. 

These  steam  temperatures  correspond  with  the  pressures  as  shown  in  Table  I,  except  for  the  temperature 
of  the  boiler  steam,  which  is  taken  from  a steam  table. 
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Table  III. 

COMBUSTION,  GENERAL  CONDITIONS. 

The  tests  in  this  table  are  arranged  according  to  the  increase  in  evaporation.  As  the  maximum 
evaporation  is  reached  the  boiler  pressure,  column  217,  cannot  be  maintained,  as  is  shown  by  the  low  average 
pressures  in  the  last  tests. 
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Fig.  9. 

FIREBOX  AND  SMOKEBOX  TEMPERATURES. 

This  diagram  also  shows  the  temperature  of  the  superheat  and  of  the  steam  in  the  branch  pipe.  The  steam 
after  being  superheated  is  at  a lower  temperature  than  that  of  the  smokebox  through  which  it  passes. 
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Draft. 

42.  The  draft  in  inches  of  water  given  in  Table  IV  is  shown 
at  four  points : in  front  of  diaphragm,  back  of  diaphragm,  in  fire- 
box and  in  ashpan.  The  draft  at  the  maximum  rate  of  firing  was 
12.8  inches  of  water  in  front  of  diaphragm,  9.1  inches  back  of 
diaphragm,  2.5  inches  in  firebox  and  0.21  inches  in  ashpan.  The 
corresponding  rate  of  combustion  was  109.27  pounds  of  dry  coal 
per  square  foot  of  grate  per  hour. 

43.  In  order  to  present  more  clearly  the  relation  between  the 
draft  and  the  combustion  for  this  locomotive,  curves  are  shown  in 
Fig.  10.  Here  the  ordinates  represent  the  draft  in  inches  of  water. 
The  abscissae  indicate  the  combustion  rate,  or  the  pounds  of  dry 
coal  fired  per  square  foot  of  grate  per  hour.  The  increase  in  draft 
follows  a straight  line  in  each  instance.  The  distance  between  the 
curves  represents  the  loss  of  draft.  At  the  maximum  rate  of  com- 
bustion the  loss  of  draft  between  front  and  back  of  diaphragm 
was  29  per  cent.,  between  firebox  and  diaphragm  51  per  cent.,  and 
20  per  cent,  is  the  loss  between  ashpan  and  firebox. 

44.  The  firebox  temperatime  shows  a gradual  increase  with  an 
increase  in  the  combustion  rate.  At  the  same  time  the  tempera- 
ture of  the  gases  in  the  smokebox,  and  of  the  steam  in  the  branch 
pipes  shows  a smaller  increase. 

45.  It  is  observ^ed  that  an  increase  in  the  draft  has  a more 
pronounced  effect  upon  the  firebox  temperature  than  upon  either 
of  the  other  two  temperatures. 

46.  Attention  is  also  called  to  the  difference  in  temperature 
between  the  smokebox  gases  and  the  superheated  steam  in  the 
branch  pipes.  It  is  apparent  that  the  temperature  of  the  smoke- 
box gases  is  higher  than  the  steam  temperature  throughout  the 
whole  range  of  combustion  by  approximately  80  degrees  Fahr.  and 
that  this  difference  is  practically  constant  throughout. 

47.  Consequently  the  boiler  is  not  absorbing  this  heat  which 
could  be  utilized  to  attain  a higher  degree  of  superheat,  and  is 
no  doubt  due  to  the  length  of  tube.  With  longer  tubes  the  boiler 
would  absorb  a portion  of  the  heat.  On  the  other  hand,  if  we 
lengthen  the  tubes  and  probably  increase  the  efficiency  of  the 
boiler  somewhat,  we  would  at  the  same  time  impair  its  free  steam- 
ing qualities,  by  restrictions  upon  the  activity  of  combustion 
and  rapidity  of  evaporation.  This  subject  is  further  considered 
under  “Boiler  Tube  Temperature,”  Pars.  96  to  110,  inclusive. 
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Table  IV. 

COMBUSTION  DRAFT  AND  TEMPERATURE. 

The  draft  figures  in  this  table  are  plotted  in  Figs.  10  and  15. 


25 


Ji.P.  4»c  ¥SIIM 

LCX:OMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

type  Psii.4BnmA,  BArmoBS  A WAiBnraroB  Raiuoao  Compamt 

— -•  . Nobthux  CBjnVAL  Bailwat  Coxpaht 

CLASS No.  WwT  JnuT  A SaAaaon  Eailboao  CoMPAinr 

« .MM  TEST  DEPARTMENT  iklllotln  No. 

SHEET  No.„_]rrrlS»!r. 

Tests  of  a Class  ESod  IiOCOOK>tlT6.  Altoona  Pa  11-1-191S 

Sill* 

Si  f §1111 H 

X Ijli . . 5 lijz  : i ^ 1 1 1 1 lltiv'  Hi  1 I III  mini  TTn 

null  Wj  mi 

iiRiiil 

Plllljllll 

j iKf  iBi 

li;  p igffijjJl 

llllllii 

l+ljr;:il  S;ffl  miH  SiSi 

t If  j . . 4 4t  • 4+f  f + fli . 4I  4 

Twffl- 1 ^ ^ liS  3 El  S ] 

"Mill  i 1SH8 

Fig.  10. 

DRAFT  AND  RATE  OF  COAL  BURNING. 

The  maximum  draft  in  the  smokebox  is  nearly  14  inches,  the  reduction  in  draft  between  the  front  and  back 
of  diaphragm  is  about  27.4  per  cent,  when  working  at  the  maximum  rate. 
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Combustion  Rate  and  Heat  Transfer. 

48,.  The  rate  of  combustion  (Table  III,  column  339),  ranged 
from  31.19  to  109.27  pounds  of  dry  coal  per  hour  per  square  foot 
of  grate.  Some  tests  were  made  on  locomotive  No.  3162,  class 
E2d,  using  Penn  gas  coal,  and  comparing  its  rate  of  combustion 
with  that  of  the  superheated  steam  locomotive  presented  here  at 
a speed  of  200  r.p.m.  (47  m.p.h.)  with  a cut-off  of  35  per  cent, 
and  a wide  open  throttle,  we  find  that  the  E2d  or  saturated 
locomotive  burned  53  per  cent,  more  coal;  evaporated  26.3  per 
cent,  more  water,  but  developed  only  78.6  per  cent,  of  the  draw- 
bar pull  obtained  from  the  superheated  steam  locomotive.  As 
shown  in  Fig.  10  the  rate  of  combustion  of  the  E3sd  increased 
regularly  with  the  draft.  The  points  all  lie  close  to  their  respective 
average  curves. 

49.  The  dry  coal  consumed  per  square  foot  of  heating  surface 
per  hour  ranged  from  0.716  to  2.509  pounds. 

50.  It  was  shown  in  Fig.  9 that  as  the  rate  of  combustion 
increased  from  minimum  to  maximum,  there  was  a gradual  in- 
crease in  the  temperature  of  the  firebox  and  smokebox.  This 
was  also  true  in  the  case  of  the  branch  pipe  temperature,  and  the 
superheat  until  the  rate  of  combustion  reached  80  pounds  of  dry 
coal  per  square  foo^  of  grate  per  hour,  these  temperatures  then 
remained  stationary  up  to  a rate  of  combustion  of  100  pounds  per 
square  foot  of  grate  per  hour.  Thereupon  the  branch  pipe 
temperature  and  superheat  decreased  gradually. 

51.  That  approximately  one-tenth  of  the  heat  absorbed  is 
taken  up  by  the  superheater  surface  is  shown  in  Table  V. 

52.  When  burning  the  greatest  weight  of  coal  per  hour,  the 
temperature  of  the  firebox,  as  measured  by  a thermo-couple, 
reached  2249  degrees  Fahrenheit  (Table  IV,  column  212),  and 
the  temperature  of  the  smokebox  gases  was  748  degrees  (column 
207),  showing  that  the  difference,  or  1501  degrees  temperature 
drop,  must  have  been  caused  by  heat  absorbed  by  the  boiler. 
At  different  rates  of  combustion  this  drop  varied  considerably, 
but  the  average  was  1415  degrees  for  all  of  the  tests. 
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Table  V. 

RATE  OF  COMBUSTION  AND  HEAT  TRANSFER. 

This  table  shows  the  rate  of  combustion  or  the  dry  coal  fired  per  hour  per  square  foot  of  grate  surface.  It 
also  shows  the  heat  transferred  across  the  water  and  superheating  surfaces  in  heat  units  per  minute. 
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Ashpan,  Air  Inlets. 

53.  During  some  of  the  tests,  locomotive  No.  318  did  not  seem 
to  have  a very  active  combustion  at  the  rear  of  the  firebox.  The 
draft  was  apparently  sufficient.  To  ascertain  just  what  effect 
it  would  have  on  the  fire,  the  rear  row  of  brick  was  removed  from 
the  arch  and  a test  was  made  at  200  r.p.m.  with  a 50  per  cent, 
cut-off  and  a wide  open  throttle.  Its  duration  was  20  minutes 
and  while  the  average  boiler  pressure  was  low,  an  evaporation 
of  36,144  pounds  of  water  per  hour  was  obtained,  which  is  much 
better  than  that  obtained  during  a test  under  like  conditions, 
Test  No.  3109,  namely:  34,737  pounds. 

54.  Test  3133  was  then  run  at  160  r.p.m.  with  50  per  cent, 
cut-off  and  throttle  wide  open,  in  comparison  with  test  No.  3131, 
which  is  not  recorded  in  this  Bulletin.  On  account  of  low  pressure, 
the  evaporation  rate  was  increased  from  27,096  pounds  to  30,691 
pounds  per  hour.  The  only  reason  for  the  improved  performance 
of  the  locomotive  during  this  test,  that  was  discernible,  aside 
from  the  change  to  the  arch,  was  the  fact  that  the  ashpan  door 
was  open. 

55.  The  area  of  all  of  the  present  air  inlet  openings  in  the  ash- 
pan  of  this  locomotive  with  the  door  closed  is  6.54  square  feet  or 
12  per  cent,  of  the  grate  area,  and  this  appears  to  be  too  small. 

Smokebox  Gases. 

56.  The  analysis  of  the  smokebox  gases  is  given  in  Table  VI, 
columns  253  to  256  inclusive.  The  loss  due  to  carbon  monoxide 
was  comparatively  small,  ranging  from  0.0  in  some  instances  to 
3.3  per  cent.,  the  amount  at  the  greatest  rate  of  combustion. 

57.  The  smoke,  according  to  the  Ringelmann  scale,  varied 
from  8 to  46  per  cent.  The  locomotive  was  hand-fired  and  the 
smoke  can  be  considered  as  moderately  low  compared  with  other 
tests  on  the  plant.  This  is  no  doubt  due  to  the  presence  of  the 
brick  arch  in  the  firebox,  enabling  a portion  of  the  smoke  to  be 
consumed.  A low  percentage  of  smoke  was  accompanied  by  a 
high  boiler  efficiency. 
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120 

5.4 

0.0 

12.6 

82.0 

14442 

0 

471 

8 

3112 

120-30-P 

120 

4.2 

0,0 

13.0 

82.7 

14442 

0 

433 

10 

3136 

200-20-F 

120 

3.8 

0.3 

13,8 

82.1 

14581 

1.10 

673 

14 

3121 

i60-30-P 

120 

3.0 

0.3 

14.5 

82.2 

14266 

1.63 

736 

16 

3117 

240-20-P 
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4.6 

0.0 

13.6 

81.8 

14266 

0 

660 

20 

3137 

120-40-P 

120 

4.0 

0.4 

13,2 

82,3 

14581 

1.59 

691 

16 

3119 

260-20-P 

90 

1.8 

1.0 

14,0 

83.2 

14266 

3,71 

688 

28 

3113 

160-3 5-P 

120 

2.8 

0.4 

14.3 

82.6 

14442 

1.44 

500 

14 

3126 

320-20-P 

60 

3.6 

0.3 

13.1 

83.0 

14266 

1.24 

699 

16 

3135 

200-3 5-? 

60 

1.3 

1.,^ 

14.7 

82.7 

14581 

4.74 

703 

18 

3134 

200-35-P 

60 

0.8 

2.3 

14.1 

82.7 

14581 

7.71 

699 

22 

3115 

200-3 5-P 

120 

1.6 

1.6 

14.3 

82.5 

14442 

5.56 

725 

32 

3122 

280-30-P 

60 

1.5 

2.8 

13.4 

82.3 

14266 

9.58 

712 

40 

3142 

360-25-.? 

30 

1.6 

1.2 

13.6 

83.6 

14581 

4,46 

- 

32 

3128 

320-25-P 

60 

2.2 

0.6 

14.6 

82.6 

14581 

2.15 

718 

24 

3116 

240-3 5-P 

90 

3.6 

0.5 

13.6 

82.3 

14266 

1.99 

711 

32 

3143 

360-25-F 

30 

0.3 

4.4 

13.2 

82.1 

14541 

18.13 

- 

28 

3114 

160-45-P 

90 

1.3 

2.9 

13.5 

82.3 

14442 

10.75 

736 

40 

3127 

320-30-P 

60 

1.1 

2.8 

13,1 

83.0 

14581 

9.37 

743 

40 

3133 

160-50-F 

60 

0.9 

3.3 

13.4 

82.3 

14581 

10.47 

722 

32 

3125 

280-35-P 

60 

5.0 

0.4 

12.0 

82.6 

14266 

1.80 

728 

22 

3124 

200-45-P 

90 

1.2 

1.8 

14.4 

82.6 

14266 

6.19 

734 

46 

3109 

240-45-F 

60 

1.1 

3.3 

12.8 

82.8 

14442 

1.39 

730 

42 

3139 

240-45-P 

60 

0.7 

3.3 

13.9 

82.1 

14581 

10.47 

748 

36 
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Table  VI. 

SMOKEBOX  GASES. 

In  this  table  the  tests  are  arranged  according  to  the  increase  in  evaporation.  There  is  a gradual  increase  in 
carbon  monoxide  or  unburned  carbon  as  the  rate  of  firing  increases. 
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58.  The  relation  between  the  smoke,  the  carbon  monoxide 
and  the  amount  of  dry  coal  fired  per  hour  in  pounds  per  square 
foot  of  grate  is  shown  in  Fig.  11.  Although  the  points  in  each 
instance  are  scattered,  it  is  seen  that  the  percentage  of  smoke 
increased  directly  and  rapidly  with  the  increase  in  the  rate  of 
combustion,  while  the  increase  in  the  percentage  of  carbon  mon- 
oxide is  gradual,  especially  at  the  lower  rates  of  combustion. 
This  locomotive  was  hand-fired.  No  observations  were  taken 
of  the  spark  losses. 

Stack  and  Nozzle. 

59.  When  commencing  this  series  of  tests,  locomotive  No.  318 
was  equipped  with  a circular  nozzle,  having  a diameter  of  5.69 
inches  and  an  area  of  25.4  square  inches.  Later  a rectangular 
nozzle  was  substituted,  as  shown  in  Fig.  7.  Its  dimensions  were 
4y\  X 5|  inches  and  the  area  was  25.4  square  inches  or  the  same 
as  that  of  the  circular  nozzle. 

60.  The  stack  was  16  inches  in  diameter  at  the  bottom  and 
tapered  toward  the  top  to  a diameter  of  18f  inches. 

61.  The  maximum  evaporation  obtained  with  the  circular 
nozzle  was  25,648  pounds  of  water  per  hour,  at  which  rate  the 
draft  in  front  of  the  diaphragm  was  6.8  inches  of  water.  The 
area  of  the  nozzle  was  then  reduced  to  23.76  square  inches.  There- 
upon, the  evaporation  rate  dropped  to  23,784  pounds  of  water 
per  hour  with  a draft  in  front  of  diaphragm  amounting  to  5.8 
inches  of  water. 

62.  Then  the  rectangular  nozzle  was  used  and  the  maximum 
evaporation  rate  obtained  with  it  was  34,737  pounds  of  water 
per  hour  with  a maximum  draft  in  front  of  the  diaphragm  of 
13.7  inches  of  water. 

63.  In  order  to  ascertain  the  velocity  head  or  pressure  across 
the  stack  area,  so  as  to  draw  some  comparison  between  the  uni- 
formity of  pressure  produced  by  the  two  kinds  of  nozzles,  read- 
ings were  taken  across  the  area  of  the  stack  at  the  top.  These 
readings  were  in  inches  of  mercury  from  a manometer  attached 
by  tubing  to  a pipe  capped  at  the  end,  and  having  an  opening 
one-eighth  of  an  inch  in  diameter.  This  was  moved  across  the 
stack  opening  at  regular  intervals  and  the  resulting  pressures 
observed. 
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Fig.  11. 

CARBON  MONOXIDE  AND  SMOKE. 

The  carbon  monoxide  increases  in  a fairly  regular  manner  with  the  increase  in  rate  of  firing. 
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64.  Fig.  12  shows  the  readings  obtained  from  the  circular 
nozzle,  plotted  from  left  to  right  and  from  front  to  rear  across 
the  stack  opening  for  evaporation  rates  from  15,022  to  25,648 
pounds  of  water  per  hour.  It  is  seen  that  as  the  evaporation 
rates  increase,  the  curves  tend  toward  a peak  showing  a high 
pressure  of  discharge  through  the  center  of  the  stack. 

65.  The  pressures  at  the  front  and  rear  edges  of  the  stack 
vary  from  0.0  to  0.7  inches.  The  pressures  at  the  front  edge  of 
stack  are  much  higher  than  those  at  the  rear  edge.  The  pressures 
at  the  right  and  left  edges  range  from  0.1  to  0.6  inches. 

66.  Similarly  the  pressures  are  plotted  for  the  rectangular 
nozzle  in  Fig.  13.  Here  the  pressures  at  the  front  and  rear  edges 
of  the  stack  vary  from  0.0  to  1.6  inches,  while  at  the  right  and  left 
edges  the  pressures  range  from  0.1  to  0.6  inches. 

67.  It  is  observed  that  the  pressures  appear  to  be  more 
uniform  across  the  stack  from  front  to  rear  for  the  rectangular 
nozzle.  From  the  right  to  left  edges  of  stack  the  graphical 
representation  of  the  pressures  shows  that  when  the  boiler  was 
evaporating  34,737  pounds  of  water  per  hour,  the  efficiency  of 
the  rectangular  nozzle  had  reached  its  approximate  limit.  Below 
this  evaporation  the  pressures  across  the  stack  are  fairly  uniform. 

Evaporative  Performance. 

.68.  The  evaporative  performance  (Table  VII,  column  340), 
shows  a range  of  evaporation  of  15,188  to  34,737  pounds  of  water 
per  hour,  or  the  maximum  rate.  The  equivalent  evaporation 
per  hour  (column  344)  increased  from  19,603  pounds  to  46,078 
pounds  per  hour. 

69.  As  the  equivalent  evaporation  increased,  there  was,  as 
shown  in  Fig.  14,  a gradual  increase  in  the  branch  pipe  and  super- 
heater temperatures.  The  boiler  temperature  shows  very  little 
variation,  while  the  boiler,  return  bend  and  branch  pipe  pressures 
after  a slight  increase,  gradually  fell  off  as  the  evaporation  rate 
increased. 
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Fig.  12. 

STACK  PRESSURES. 

This  Figure  shows  the  dynamic  pressures  across  the  top  of  the  stack  when  using  a circular  nozzle  having  an 
area  of  25.4  square  inches.  The  maximum  evaporation  attained  was  25,600  pounds  per  hour. 
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Fig.  13. 

STACK  PRESSURES. 

These  results  were  obtained  with  a rectangular  exhaust  nozzle  fsee  Fig.  7)  having  an  area  of  25.4  square 
inches,  or  the  same  as  the  circular  nozzle.  The  evaporation  attained  in  this  case  was  34,700  pounds  per  hour, 
an  increase  of  26.2  per  cent. 
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Table  VII. 

EVAPORATIVE  PERFORMANCE. 

The  evaporation  ranged  from  15,000  to  34,000  pounds  per  hour,  while  the  efficiency  of  the  boiler  ranged  from 

77  per  cent,  to  47  per  cent. 
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Fig.  14. 

STEAM  TEMPERATURE,  PRESSURE  AND  SUPERHEAT. 

The  curves  at  the  lower  part  of  the  figure  show  the  drop  in  pressure  between  the  boiler  and  steam  chest. 
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70.  The  increase  in  the  equivalent  evaporation  in  pounds  per 
hour  per  square  foot  of  heating  surface  with  the  increase  in  the 
draft,  is  shown  in  Fig.  15.  As  the  draft  in  the  front  of  diaphragm 
increased  from  3.3  to  12.8  inches  of  water,  the  equivalent  evapora- 
tion per  hour  per  square  foot  of  heating  srudace  increased  from 
8.23  to  19.35  pounds. 

71.  The  evaporative  performance  of  the  boilers  is  shown 
graphically  in  Fig.  16.  There  was  a rapid  increase  in  the  water 
evaporated  with  a regular  increase  in  the  dry  coal  fired  per  hour. 
The  evaporative  performance  for  the  E2d  saturated  steam  boiler 
is  higher  than  that  of  the  E3sd  superheater  boiler  by  about  1 1 per 
cent.,  on  account  of  the  larger  water  heating  surface  in  the 
saturated  steam  boiler. 

72.  The  equivalent  evaporation  per  pound  of  dry  coal  de- 
creased with  the  increase  in  the  rate  of  combustion  measured  in 
pounds  of  coal  per  square  foot  of  grate.  This  is  shown  in  Fig.  17. 
The  results  plot  in  a straight  line  expressed  by  the  equation 
E = 13.2 — (0.057)  C,  when  “C”  represents  the  pounds  of  dry  coal 
fired  peir  hour  per  square  foot  of  grate  area. 

73.  In  Fig.  18  the  equivalent  evaporation  is  plotted  as  ordi- 
nates with  the  equivalent  evaporation  per  square  foot  of  heating 
surface  as  abscissae.  The  equivalent  evaporation  per  pound  of 
dry  coal  (Table  VII,  column  347)  ranged  from  11.49  to  7.12 
pounds — the  minimum,  while  the  equivalent  evaporation  per 
square  foot  of  heating  surface  varied  from  8.23  pounds  to  a 
maximum  of  19.35  pounds. 

74.  It  is  seen.  Fig.  18,  that  when  the  E3sd  boiler  was  forced 
to  an  equivalent  evaporation  of  16  pounds  per  square  foot  of 
heating  surface,  there  was  evaporated  8.4  pounds  of  water  per 
pound  of  dry  coal.  Comparing  this  with  the  performance  of  the 
E6s  locomotive,  the  curve  for  which  is  also  shown  in  Fig.  18,  at  the 
same  rate  of  evaporation,  there  were  7.7  pounds  of  water  evaporated 
per  pound  of  dry  coal.  In  the  case  of  the  E6  saturated  steam  loco- 
motive 8.7  pounds  of  water  per  pound  of  dry  coal  were  evaporated. 
If  the  E6  locomotive  could  be  forced  to  the  maximum  rate  or 
approximately  20  pounds  per  hour  per  square  foot  of  heating 
surface,  similar  to  the  E3sd  locomotive,  its  water  rate  per  pound 
of  coal  would  be  2 pounds  lower  at  that  equivalent  evaporation 
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DRAFT  AND  EVAPORATION. 

This  figure  corresponds  with  Fig.  10,  except  that  the  lower  scale  is  in  evaporation  per  square  foot  of  heating 

surface. 
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per  square  foot  of  heating  surface.  These  are  all  Atlantic  type 
locomotives  burning  Penn  Gas  Coal,  and  tested  under  practically 
the  same  conditions. 

75.  The  comparison,  thus  presented  in  Fig.  18  shows  a very 
creditable  evaporative  performance  for  the  E3sd  locomotive  when 
compared  with  other  locomotives  of  the  same  type. 

Evaporation  Rate,  Boiler  and  Superheater. 

76.  Table  VIII  is  presented  to  show  the  work  done  by  the 
superheater  as  compared  with  that  of  the  boiler.  These  results  are 
calculated  and  arranged  in  order  according  to  the  total  evaporation 
rate  as  given  in  column  344. 

77.  The  Table,  besides  including  the. test  number  and  test 
designation,  shows  the  water  evaporated  in  pounds  per  hour,  the 
equivalent  evaporation  from  and  at  212  degrees  Fahr.,  in  pounds 
per  hour  for  the  boiler,  for  the  superheater,  and  the  boiler  and 
superheater. 

78.  In  the  last  column  is  given  the  ratio  of  equivalent  evapo- 
ration per  square  foot  of  heating  surface  in  the  superheater  to 
that  in  the  boiler. 

79.  An  average  of  the  last  column  in  this  table  shows  that 
30.4  per  cent,  of  the  equivalent  evaporation  per  square  foot  of 
heating  surface  takes  place  in  the  superheater. 

80.  For  the  E6s  locomotive  it  was  found  (see  Bulletin  21, 
Par.  45),  that  the  rate  of  heat  transfer  per  unit  of  superheater 
surface  amounted  to  32  per  cent,  of  that  of  the  boiler  surface,  or 
but  1.6  per  cent,  more  than  that  obtained  in  the  E3sd  locomotive. 

8 1 . The  superheating  surface  in  the  E6s  locomotive  is  22  per 
cent,  of  the  total  heating  surface,  while  in  the  case  of  the  E3sd 
locomotive  the  proportion  is  24  per  cent. 

82.  The  E2d  and  E3sd  locomotive  boilers  are  alike  except 
that  the  latter  is  equipped  with  a Schmidt  superheater  and  arch. 
The  efficiency  of  the  E2d  boiler  is  greater  than  the  E3sd  super- 
heater boiler  (Fig.  21),  when  the  equivalent  evaporation  exceeded 
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23,25 
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5139 
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41432 
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4 

SHEET 

Table  Vi II. 

EVAPORATION  RATE,  BOILER  AND  SUPERHEATER. 

This  table  shows  the  proportion  of  the  heat  absorbed  by  the  water  heating  and  superheating  surfaces  of 
the  boiler.  According  to  the  last  column,  per  square  foot  of  heating  surface,  the  superheater  absorbed  about 
30  per  cent,  of  the  heat  absorbed  by  the  water  heating  surface. 
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500  pounds  per  square  foot  of  grate  per  hour.  However,  at  no 
rate  of  evaporation  is  the  average  efficiency  of  the  saturated  steam 
boiler  greater  by  more  than  2 per  cent,  than  for  the  superheated 
steam  boiler  as  shown  on  this  diagram. 

83.  This  small  loss  in  efficiency  is  compensated  for  many  times 
by  the  saving  in  the  amount  of  heat  supplied  to  the  engines  per 
i.h.p.  hour  for  the  superheater  locomotive  when  peifornling  the 
same  work  at  like  speeds.  This  was  shown,  clearly  in  the  case  of 
the  E6s  locomotive  (Bulletin  21,  Par.  109),  which  states  the  saving 
in  heat  expenditure  for  the  E6s  locomotive  over  the  E6  saturated 
locomotive  was  24.16  per  cent.  At  the  same  time,  the  saving  in 
coal  for  the  E6s  locomotive  amounted  to  24.4  per  cent,  per  indi- 
cated horse-power  hour  above  that  for  the  E6  saturated  steam 
locomotive. 

84.  Unfortunately  owing  to  the  limited  number  of  tests  made 
with  the  E2d  locomotive  we  have  not  sufficient  data  at  hand  to 
make  a fair  comparison  between  the  E2d  saturated  steam  and  E3sd 
superheater  locomotives. 

85.  Fig.  17  showing  the  equivalent  evaporation  per  pound  of 
dry  coal  at  the  different  rates  of  firing  for  the  E2d  saturated 
steam  and  E3sd  superheater  boilers  illustrates  the  better  perform- 
ance of  the  saturated  steam  or  E2d  locomotive  boiler,  when  the 
rate  of  firing  exceeds  45  pounds  of  coal  per  hour  per  square  foot 
of  grate.  This  is  due  to  the  greater  evaporation  rate  obtained 
from  the  saturated  steam  locomotive. 
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Fig.  16. 

COAL  FIRED  AND  WATER  EVAPORATED. 

On  this  diagram  a curve  for  the  E2d  saturated  steam  locomotive  is  shown.  Without  the  superheater  the 
evaporation  per  pound  of  coal  is  slightly  improved. 
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Fig.  17. 

DRY  COAL  FIRED  AND  EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

The  E2d,  saturated  steam  locomotive,  shows  a slight  advantage  over  the  E3sd,  superheater  locomotive, 
between  rates  of  firing  of  43  and  110  pounds  of  dry  coal,  due  to  the  greater  evaporating  surface  of  the  saturated 
steam  boiler. 
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Fig.  18. 

EQUIVALENT  EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 

This  diagram  shows  curves  for  four  locomotives.  The  E6  and  E6s  have  larger  boilers  than  the  E2d  and  E3sd. 
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Boiler  Power  and  Efficiency. 

86.  The  boiler  horse-power  obtained  from  locomotive  No.  318 
during  the  tests  is  shown  in  Table  IX,  column  349.  There  is  also 
given  in  this  table,  the  boiler  horse-power  per  square  foot  of  heating 
surface,  per  square  foot  of  grate  surface,  and  the  boiler  efficiency. 

87.  The  total  boiler  horse-power  ranged  from  a minimum  of 
568  horse-power  to  a maximum  of  1336  horse-power  at  the  maxi- 
mum evaporation  rate.  This  maximum  is  equivalent  to  0.56 
boiler  horse-power  per  square  foot  of  heating  surface  or  24.4  horse- 
power per  square  foot  of  grate  siuiace. 

88.  The  range  of  boiler  efficiency  (column  350,  Table  IX) 
was  between  77.2  and  51.3  per  cent. 

89.  Fig.  19  shows  graphically  the  decrease  in  the  boiler 
efficiency  with  the  increase  in  the  evaporation  rate.  Likewise 
it  is  shown  in  Fig.  20  that  the  boiler  efficiency  decreased  with  the 
increase  in  the  rate  of  combustion. 

90.  The  comparison  of  the  boiler  efficiencies  (Fig.  21)  of  the 
superheated  steam  locomotive  and  the  saturated  steam  locomo- 
tive is  made  under  practically  the  same  conditions,  using  the 
same  fuel.  It  is  shown  that  the  saturated  steam  locomotive  has  a 
little  greater  boiler  efficiency  due  to  its  greater  water  heating 
surface. 

Steam  Passages. 

91.  The  areas  of  the  steam  passages  in  square  inches  from 
the  boiler  to  the  exhaust  nozzle  at  restricted  points  are  shown 
graphically  in  Fig.  22.  The  areas  are  shown  by  solid  black  lines. 
The  corresponding  pressures  in  pounds  (gage)  are  shown  by  the 
open  spaces,  while  the  velocities  are  indicated  in  feet  per  minute 
by  the  cross-hatched  spaces. 

92.  This  P'ig,  22  is  interesting  for  it  clearly  presents  the  action 
of  the  steam  in  its  passage  from  boiler  to  stack.  The  superheater 
offers  a considerable  resistance  to  the  ffovtr  of  the  steam  and  the 
resultant  effect  on  its  velocity  and  pressure  caused  by  this  restric- 
tion may  be  seen. 

93.  The  average  boiler  pressure  at  this  time  was  196  pounds. 
The  duration  of  the  test  was  one  hour.  The  pressure  at  the  super- 
heater return  bend  or  at  the  center  of  its  length  was  187  pounds. 


46 


M.  P.  470-A  8x10H 

aei  4-2»-12 

LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

Tvoe  4 4,,?  Philadelphia.  Baltimore  & Washington  Railroad  Companv 

TYPE.....!*Trjr».."  Northern  Central  Railway  Company 

CLASS.. Mo  5l0 West  Jersey  & Seashore  Railroad  Company 

rm TEST  DEPARTMENT  Bulletin  No.  

SHEET  NO..P-107P__ 

Teats  of  a Claae  JSed  Locomotive^  Altoona,  pm  11"1^1915 


BOILESl  POWER 


Teat 

Teat 

Dura- 

1 

• 

> 

1 

p,  Potmdo 

Boiler  Horae  Power 

Efficiencj 

No. 

tion 

Per  aq.ft. 

Por  sq.ft. 

Por  sq.ft. 

Por  aq.ft. 

Deaigna- 

of 

of  Grate 

of  Eoatlng 

of 

of 

of 

Tost 

Stir  face 

Surfaco 

Heating 

Grate 

tion 

Ulna, 

Por  Hour 

Por  Hour 

Total 

Surfaco 

Surfaco 

Boiler 

345 

349 

350 

3111 

120-.20-.P 

120 

357.7 

8.23 

568.2 

0.239 

10,39 

77.20 

3112 

120-30-P 

120 

429.4 

9.88 

682.1 

0.286 

12.47 

70,62 

3136 

200-20~P 

120 

469.0 

10.79 

745.0 

0.312 

13.61 

69.76 

3121 

160-30-F 

120 

499.1 

11.48 

792.7 

0.333 

14.49 

73,60 

3117 

240-20-F 

120 

514.1 

11.83 

816,6 

0.342 

14,93 

70.33 

3137 

120-40-.F 

120 

518.2 

11.92 

823.1 

0.346 

15.41 

64.22 

3119 

280-20-F 

90 

568,8 

13.09 

903.4 

0.379 

16.52 

35.85 

3113 

160-3 5«F 

120 

570.0 

13.12 

905.4 

0.380 

16.55 

71.16 

3126 

320-20-P 

60 

612.0 

14.08 

971.9 

0.408 

18.29 

60.40 

3135 

200-35-P 

60 

629.8 

14.49 

1000.4 

0.420 

16 .65 

62.69 

3134 

'200-35-F 

60 

642.3 

14.78 

1020.2 

0.428 

18.89 

52.31 

3115 

20O-35-P 

120 

650.4 

14.97 

1033.1 

0.434 

18,99 

59.26 

3122 

280-30-F 

60 

654.0 

15.05 

1038.7 

0.436 

19.90 

56,53 

3142 

360-25-P 

30 

685.2 

15.77 

1088.4 

0.457 

19.98 

48.65 

3126 

320-25-P 

60 

688.2 

15.83 

1093.1 

0.459 

20,54 

61,10 

3116 

240-35-P 

90 

707.3 

16.28 

1123.5 

0.472 

20.91 

SO.OO 

3143 

360-.25-P 

30 

720.1 

16.57 

1143.9 

0.480 

20,97 

48.38 

3114 

160-45-F 

90 

722.0 

16.61 

1146.8 

0.483 

21,18 

54.35 

3127 

320-30^P 

60 

729.3 

16.78 

1158.4 

0.486 

21,77 

47.39 

3133 

160-50-P 

60 

749.6 

17.25 

1190.7 

0,499 

21.77 

49.71 

3125 

280-35-F 

60 

775.6 

17.85 

1231.9 

0.517 

22.52 

58.84 

3124 

200-45-F 

90 

807.9 

18.60 

1283.6 

0.539 

23,47 

54,89 

3109 

240-45-P 

60 

842.3 

19.35 

1335.4 

0.561 

24.41 

54,29 

3139 

240-46-P 

60 

842.4 

19.35 

1335,6 

0.561 

24,42 

51,31 

Sheet  No.?*!®?.©. 


Table  IX. 

BOILER  POWER. 

Column  345  shows  the  remarkably  high  figure  of  19.35  pounds  of  water  evaporated  per  square  foot  of  heating 

surface  per  hour. 
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Fig.  19. 

EFFICIENCY  OF  BOILER  AND  EVAPORATION  PER  HOUR. 
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Pennsylvania  Railroad  Company 

PHXLAIIBLFHU,  BALTIMOn  A WABBIXSTOa  BaILBOAD  CoaPABT 
NOBTatBB  CBUTBAI.  RAI1.WAT  COVAXT 
NO...y.4.9. WMT  JnUT  A SlAIHOU  lUlUKtAO  COXPA«T 


SHEET  No 

_!l?o.ttft...Ql.A-ClaEa..  ES.«d.  Lflocmot  lYa» 


Fig.  20. 

EFFICIENCY  OF  BOILER  AND  RATE  OF  COMBUSTION. 

Throughout  a range  of  combustion  from  30  to  110  pounds  per  square  foot  of  grate,  the  efficiency  ranges  from 

77  down  to  47  per  cent. 
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PENNSYLVANIA  RAILROAD  COMPANY 


Bulletin  No. 


P-1073. 


..TeAte.....Qf...i&....Cla)aA..E3Ad..LouanuQtJLTe. 


Fig.  21. 

EFFICIENCY  OF  BOILER  AND  EVAPORATION  PER  SQUARE  FOOT  OF  GRATE. 

The  grates  of  these  two  boilers  are  alike;  the  saturated  steam  boiler  shows  a slightly  better  performance 

than  the  superheater  boiler. 
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test  department  Bulletin  No.„..  11 

•HEKT  NO 

.fB«l!».J0X....«...ClB».ft..JS3*A..Loa<MBO.tL^  


Altoona,  PA...llrS»M13 


Fig.  22. 

AREA  OF  STEAM  PASSAGES. 

On  this  diagram  are  shown  the  steam  passage  areas  between  the  throttle  and  exhaust  nozzle,  with  the  pressure 

and  steam  velocity. 
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The  final  pressure  in  the  branch  pipe  was  176  pounds.  The  total 
drop  in  pressure  was  20  pounds  or  approximately  10  per  cent. 
In  the  case  of  the  E6s  locomotive  No.  89  with  maximum  evapo- 
ration, the  drop  was  6 per  cent. 

Superheat. 

94.  The  range  of  superheat  extended  from  118  to  254  degrees 
Fahr.  during  the  tests.  This  latter  degree  of  superheat  at  the 
maximum  rate  of  evaporation  is  approximately  8 per  cent,  greater 
than  obtained  from  the  E6s  locomotive  No.  89,  Namely:  234 
degrees  Fahr.  The  amount  of  heat  transferred  across  the  super- 
heating surfaces  of  the  E6s  boiler  v/as  approximately  82,317  B.t.u. 
per  minute  under  maximum  conditions,  while  across  the  super- 
heating surfaces  of  the  E3sd  boiler  was  transferred  80,482  B.t.u. 
per  minute.  The  amounts  of  heat  transferred  across  one  square  foot 
of  superheating  surface  of  the  E6s  and  E3sd  boilers  were  120  and 
143  B.t.u.  per  minute,  respectively,  or  approximately  19.5  per 
cent,  more  for  the  E3sd.  This  no  doubt  accounts  for  the  higher 
degree  of  superheat  obtained  by  the  E3sd  locomotive.  The  grate 
areas  were  approximately  the  same  and  the  rate  of  combustion 
per  square  foot  of  grate  for  the  E6s  locomotive  at  the  maximum  rate 
of  evaporation  was  115.52  pounds,  while  that  of  the  E3sd  locomo- 
tive was  109.27  and  the  increased  wire  drawing  apparent  from 
the  drop  in  pressure  due  either  to  the  length  or  restricted  area 
through  the  tubes  accounting  for  the  higher  possible  transfer 
rate. 


95.  The  ratio  of  the  equivalent  evaporation  per  square  foot  of 
heating  surface  in  the  superheater  to  that  in  the  boiler  ranged 
from  0.195  to  0.364,  Table  VIII.  This  is  somewhat  less  than 
that  for  the  E6s  locomotive. 


Boiler  Tube  Temperatures. 

96r  A long  thermo-couple  was  used  to  take  the  tetnperature 
readings  in  the  superheater  flue  and  the  boiler  tube.  These 
readings  were  taken  at  one  foot  intervals,  the  entire  length  of 
the  flue  and  tube.  (See  also  Bulletin  No.  21,  Par.  61.) 
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97.  The  temperature  readings  are  shown  graphically  in 
Figs.  23  to  28  inclusive,  with  respect  to  the  length  of  the  flue  or 
tube,  which  is  drawn  to  scale  below  the  temperature  curve. 

98.  The  temperatures  obtained  indicate  that  the  gases 
entering  the  tubes  have  a lower  temperature  than  the  tempera- 
ture at  the  center  of  the  firebox  as  measured  by  a pyrometer. 
During  these  tests  for  which  the  temperature  curves  are  plotted, 
the  range  of  temperature  in  the  firebox  was  from  1962  to  2322 
degrees  Fahr.  The  temperature  of  the  gases  entering  the  tubes 
varied  from  1660  to  2000  degrees  Fahr.  or  about  7 per  cent.  less. 

99.  It  is  further  seen  that  a large  part  of  the  heat  of  the  gases 
was  absorbed  by  the  tube  before  they  had  passed  through  half 
the  length  of  the  tube.  After  the  first  6 feet,  the  drop  in  temper- 
ature in  the  tubes  was  more  gradual,  resulting  in  a similar  slower 
transfer  rate,  and  at  the  smokebox  end  the  heat  in  the  gases  had 
fallen  to  a temperature  ranging  from  730  to  820  degrees  Fahr. 

100.  Further,  it  is  observed  at  low  rates  of  combustion 
ranging  from  2452  to  3000  pounds  of  coal  per  hour  the  tempera- 
tures in  boiler  tube  and  superheater  flue  were  nearly  equal,  while 
at  higher  rates  of  combustion,  the  temperature  in  the  boiler  was 
somewhat  higher  than  that  in  the  superheater  flue  for  the  first 
three  feet;  beyond  this  point  the  temperature  of  the  tube  drops 
approximately  90  degrees  below  that  of  the  superheater  flue. 
An  exception  to  this  is  shown  in  Fig.  27,  where  the  superheater 
flue  shows  a higher  temperature  throughout  its  length  than  the 
boiler  tube.  The  rate  of  combustion  during  this  test  was  5616 
pounds  of  coal  per  hour,  the  draft  was  8.6  inches  of  water.  The 
difference  in  temperature  in  this  case  was  approximately  100 
degrees  Fahr. 


101.  In  view  of  the  fact  that  the  E3sd  and  E6s  locomotive 
boiler  tubes  are  of  the  same  diameters  and  that  the  E3sd  boiler 
tubes  are  15  inches  longer  than  those  in  the  E6s  boiler,  it  may 
be  of  interest  to  ascertain  the  greater  absorbing  capacity  of  the 
longer  tube. 
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Fig.  23. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  2400  pounds  per  hour. 
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Fig.  24. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  2900  pounds  per  hour. 
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Fig.  25. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  4100  pound.s  per  hour. 
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Fig.  26. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  4900  pounds  per  hour. 
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Fig.  27. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  5600  pounds  per  hour. 
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Fig.  28. 

TEMPERATURES  IN  THE  SUPERHEATER  FLUE  AND  BOILER  TUBE. 
Temperatures  for  a rate  of  coal  burning  of  5700  pounds  per  hour. 
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102.  The  temperatures  in  the  following  table  were  obtained 
from  the  boiler  tube  temperature  diagrams.  These  are  shown 
in  Figs.  23  to  28  inclusive  in  this  Bulletin  and  Figs.  32  to  36  in 
Bulletin  No.  21. 

103.  Table  of  temperature  changes  in  tubes  in  an  E6s  and 
E3sd  locomotive. 


Test 

No. 

Draft 
Inches 
of  Water 

Pounds  of 
Water 
Evaporated 
Per  Hour 

Coal  Fired, 
Pounds 

Per  Hour 

Temperature 
Drop  Between 
Firebox  and 
Smokebox 

Difference  in 
Temperature 
Drop  Between 
the  Two 
Boilers. 

ESsd 

E6s 

E3sd 

E6s 

ESsd 

Ebs 

E3sd 

E6s 

ESsd 

E6s 

3136 

2818 

2.9 

2.1 

19316 

19008 

2452 

2170 

1000 

800 

200 

3137 

2819 

4.3 

3.0 

21370 

25667 

2900 

3092 

1020 

750 

270 

3128 

2815 

6.7 

5.1 

28079 

31825 

4108 

4580 

1180 

860 

320 

3125 

8.2 

31638 

4916 

1000 

3127 

8.6 

29737 

5616 

940 

3109 

2820 

9.8 

6.4 

34737 

38812 

5703 

5888 

1 

1100 

840 

260 

104.  The  average  temperature  change  or  drop  for  the  boiler 
tubes  of  the  E3sd  locomotive  was  1040  degrees  Fahr.,  while 
through  the  tubes  of  the  E6s  locomotive  the  drop  was  813  degrees 
Fahr.,  thus,  the  difference  in  the  temperature  drop  in  the  boiler 
tubes  of  the  two  locomotives  which  differ  in  length  and  arrange- 
ment is  227.5  degrees  in  favor  of  the  longer  E3sd  locomotive  boiler 
tube.  It  must  be  borne  in  mind,  however,  that  the  ratios  of  fire- 
tube  surface  to  firebox  heating  surface  are  not  the  same  in  the 
two  cases,  the  E6s  locomotive,  due  to  its  combustion  chamber, 
has  a proportionally  larger  firebox  heating  surface  than  the  E3sd, 
which  could  account  for  at  least  some  of  this  difference. 

105.  The  following  table  is  arranged  and  presented  to  show 
what  takes  place  in  the  tubes  of  the  E3sd  and  E6s  locomotive 
boilers  when  the  rate  of  combustion  ranges  from  approximately 
2000  to  5800  pounds  of  coal  per  hour. 

106.  The  E3sd  tube  is  179.71  inches  or  9.4  per  cent,  longer 
than  the  E6s  tube  which  is  164.31  inches  long. 


Temperature  Drop  per  Inch  of  Tube  Length  by  Twenty- 
Inch  Increments.  E3sd  and  E6s  Boilers. 


Coal  Rate 


Inches  of  Tube  Length  from 
Firebox  Toward  Smokebox 

2000  to  2500 

3000 

4000  to  4500 

5800 

ESsd 

E63 

E38d 

E68 

E3sd 

E68 

E38d 

E63 

0 to  20 

12 

13 

10 

14 

16 

13 

12 

14 

20  to  40 

8 

8 

8 

7 

11 

8 

9 

8 

40  to  60 

7 

5 

6 

5 

7 

6 

7 

6 

60  to  80 

5 

4 

5 

4 

6 

4 

6 

4 

80  to  100 

5 

3 

5 

2 

5 

4 

5 

3 

100  to  120 

4 

3 

5 

2 

4 

3 

5 

3 

120  to  140 

4 

2 

4 

2 

4 

3 

4 

2 

140  to  160 

3 

2 

4 

1 

3 

3 

4 

2 

160  to  180 

2 

4 

3 

4 

Draft  in  inches  of  water. 

2.9 

2.1 

4.3 

3.0 

6.7 

5.1 

9.8 

6.4 

107.  While  the  table  does  not  show  the  actual  amount  of 
heat  taken  up  by  the  tube,  it  is  a relative  indication  of  what 
might  be  expected  of  the  length  of  a boiler  tube  and  the  prob- 
able proportion  of  heat  absorbed  by  it,  per  inch  of  length. 

108.  It  is  noticeable  that  the  figures  for  the  E3sd  tube  are 
larger  than  those  for  the  E6s  boiler  tube.  This  is  partly  due  to 
the  probably  lower  velocity  of  the  gases  through  the  longer  tube, 
due  to  the  increased  resistance  offered  by  it.  Further,  in  view 
of  the  fact  that  the  combustion  rates,  as  shown  in  the  table 
above,  are  similar  for  both  the  E3sd  and  E6s  locomotives  and 
that  their  respective  grate  areas  differ  in  area  by  but  0.53  square 
feet,  it  may  reasonably  be  assumed  that  the  volumes  of  gases 
resulting  from  combustion  are  nearly  alike.  Consequently  the 
higher  draft  and  higher  temperature  shown  for  the  E3sd  loco- 
motive are  no  doubt  due  to  the  movement  of  the  gases  through  a 
longer  tube.  Also  it  is  possible  that  the  somewhat  smaller  fire 
tube  area  of  the  E3sd  boiler  is  partly  responsible  for  this  higher 
draft  and  tempera-ture. 
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109.  It  seems  true,  from  the  low  figures  representing  the 
E3sd  locomotive  boiler  tube  at  its  extreme  end,  160  to  180  inches, 
that  the  limit  of  tube  length  for  this  locomotive  has  been  reached, 
namely  15  feet.  Should  this  length  be  exceeded  the  benefit  to 
be  derived  would  be  inappreciable  compared  with  the  disad- 
vantage incurred  through  slower  combustion,  for  the  average 
drop  in  temperature  per  inch  of  length  is  but  a little  over  two 
degrees.  At  the  same  time  the  greater  leng'th  would  require  greater 
draft  at  the  expense  of  more  back  pressure  on  the  engines. 

110.  This  subject  has  also  been  discussed  in  Bulletin  21, 
pages  51  to  53  inclusive. 

Heat  Balance. 

111.  The  heat  balance  given  in  Table  X was  calculated  from 
the  smokebox  gas  analysis,  shown  in  Table  VI,  columns  253  to 
256  inclusive.  It  agrees  with  the-  recommended  practice  of  the 
American  Society  of  Mechanical  Engineers. 

112.  The  results  are  shown  graphically  in  Fig.  29.  The 
largest  item  is  the  heat  absorbed  by  the  boiler,  which  shows  a 
gradual  decrease  as  the  rate  of  combustion  increases,  and  which 
at  the  maximum  rate  of  combustion  amounted  to  but  52  per 
cent. 

1 1 3.  The  heat  carried  away  in  the  gases  of  combustion  was 
the  largest  single  loss.  The  temperature  of  these  escaping  gases 
ranged  from  433  to  748  degrees  Fahr. 

1 14.  The  loss  of  heat  due  to  the  presence  of  carbon  mon- 
oxide, a product  of  incomplete  combustion,  is  not  large.  It 
appears  greatest  when  the  combustion  rate  is  above  5000  pounds 
of  coal  per  hour. 

I ! 5.  The  unaccounted  for  losses  are  radiation,  and  the  com- 
bustible hydro-carbon  gases  which  escaped  unburned. 

1 1 6.  The  dotted  line  represents  the  average  boiler  efiiciency 
for  all  of  the  tests,  and  is  similar  to  the  curve  in  Fig.  20. 
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HEAT  BALANCE 

BASED  ON  DRY  COAL 

Test 

Heat  Loss  Due  to 

No. 

Dry 

Heat 

Evap. 

Steam 

Heat 

Car 

Heat- 

Sparks 

Hadia.< 

Total 

Jalorlfio 

P.nAl 

Absorb 

of 

Formed. 

in 

bon 

ine 

tion 

Value 

ad 

UolB 

by  b\im 

Mois- 

and 

Of  One 

ture 

-in^r 

Dry 

Hon- 

ture 

Drp-acc- 

Pound 

Per 

by 

in 

Hydro- 

in 

ounted 

of  Dry 

Hotxt 

Boiler 

Coal 

eon 

Oases 

oxide 

Air 

For 

Coal 

Pounds 

B.t.u, 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u, 

B.t.u. 

B:t.'U. 

B.t.u. 

3136 

2452 

10170 

26.6 

624 

2071 

162 

170.8 

379.1 

977.5 

14581 

14581 

3119 

3219 

9384 

23.2 

627.5 

1868 

527 

130.0 

670.5 

1035.8 

14266 

14266 

3135 

3663 

9141 

26.9 

630.8 

1929 

649.6 

163.9 

729.1 

1310.7 

14581 

14681 

3128 

4108 

8908 

27.0 

653.7 

2051 

304.6 

195.5 

1181.1 

1B80,2 

14681 

14581 

3125 

4916 

8394 

23. S 

638 

2584 

253.7 

157.0 

1426.6 

789.2 

14266 

14266 

3124 

5491 

78.31 

23.6 

637 

1959 

893.2 

179.8 

1569 

1173.4  . 

14266 

14266 

3139 

5977 

7482 

27.3 

640.5 

2260 

385.7 

159.7 

1647 

1978.8 

14581 

14581 

bounds 

?5 

% 

"h 

$ 

$ 

3136 

2452 

69.7 

0.17 

4.29 

14.25 

1.11 

1.17 

2.6 

6.71 

100.00 

ibo 

3119 

3219 

65.7 

0.16 

4.a39 

13.09 

3.68 

0.91 

4.7 

7.38 

100.01 

100 

3135 

3663 

62.7 

0.18 

4.32 

13.22 

4.45 

1.12 

5.0 

8.99 

99.98 

100 

3128 

4108 

61.1 

0.19 

'4.34 

14.1 

2.08 

1.34 

8.1 

6.75 

100.00 

100 

3125 

4916 

58.6 

0.16 

4.47 

18.1 

1.77 

1.10 

10.0 

5.53 

99.7 

100 

3124 

5491 

54.8 

0.17 

4.46 

13.7 

6.25 

1.26 

10.9 

8,46 

100,00 

100 

3139 

5977 

51.3 

0U9 

4.39 

16.4 

2.64 

1.09 

11.3 

113.69 

100.00 

100 

Sheet 

Table  X. 

HEAT  BALANCE  BASED  ON  DRY  COAL. 

This  heat  balance  is  computed  according  to  the  A.S.M.E.  code  for  boiler  tests,  and  includes  representative 
tests  in  which  the  rates  of  firing  range  from  minimum  to  maximum. 
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Ffg.  29. 

HEAT  BALANCE. 

This  diagram  shows  the  heat  losses  throughout  a range  of  combustion  rates  between  about  2500  and  6000 

pounds  of  coal  fired  per  hour. 
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PERFORMANCE  OF  ENGINES. 


General  Conditions. 

117.  The  general  conditions  governing  the  tests  pertaining 
to  the  engines  are  given  in  Table  XI.  The  tests  in  the  Table  are 
arranged  in  groups  according  to  speed  with  each  group  arranged 
in  order  according  to  cut-off.  The  various  speeds  in  r.p.m.  and 
the  nominal  cut-offs  under  which  the  tests  were  run  are  shown 
under  “Test  Designation.”  As  indicated  by  letter  “F”  all  of 
the  tests  were  run  with  a fully  open  throttle. 

118.  Further,  by  referring  to  Table  XI,  one  may  ascertain 
the  duration  of  each  test  in  minutes,  the  speed  in  r.p.m.  and  also 
in  m.p.h.,  the  actual  cut-off  as  measured  from  the  indicator  card, 
the  steam  pressures  in  boiler  and  branch  pipe  and  the  amount  of 
superheat  in  the  branch  pipe  in  degrees  Fahrenheit. 

1 1 9.  Each  speed  was  maintained  as  nearly  uniform  as  possible 
during  a test,  and  was  controlled  wdth  no  appreciable  error.  The 
cut-off  varied  for  a given  position  of  the  reverse  lever  with  the 
speed  (column  272).  The  safety  valves  were  set  at  205  pounds 
and  only  when  the  boiler  was  forced  did  the  pressure  show  any 
appreciable  drop.  The  superheat  in  the  branch  pipe  followed  the 
same  general  rule  that  prevails  with  this  type  of  superheater, 
namely:  the  degree  of  superheat  increased  at  the  same  speed  with 
an  increase  of  cut-off  and  also  increased  at  the  same  cut-off  with 
an  increase  of  speed. 

Superheat  in  Branch  Pipe  and  Exhaust. 

120.  The  superheat  in  the  exhaust  steam  (Fig.  30)  gradually 
increased  as  the  superheat  in  the  steam  passing  through  the 
branch  pipe  increased  from  110  to  210  degrees  Fahr.  At  this 
point  the  rise  in  temperature  was  considerably  more  rapid  up  to 
254  degrees  Fahr.,  the  maximum. 

Superheat  and  Temperature  of  Cylinder  Walls. 

121.  In  order  to  expand  steam  of  205  pounds  (220  absolute) 
down  to  and  release  dry  and  s^turated  at  atmospheric  pressure 
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197.2 

161,69 

3114 
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90 

160 

37,34 

41.1 

205.5 
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175.07 
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60 
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37.34 

42,8 

203.4 
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211,67 

3136 

200^20-.P 

120 
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60 

280 
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31.1 

197.1 

185.4 

227,38 
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280-35-P 

60 

280 

65,35 

34.4 

205.7 
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226.80 
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320-20-P 

60 

320 

74,69 

21.2 

205.6 

195.1 

207.43 

3128 

320-25-P 

60 

320 

74,69 

25.8 

205,9 

195.0 

221.40 

3127 

320-30-P 

60 

320 

74.69 

30.8 

204,5 

190.8 

226.29 

3142 

360-25-P 

30 

-360 

94.02 

31,2 

196.8 

184.5 

220.83 

3143 

360-25-F 

30 

360 

34.02 

31.6 

205.8 

191.0 

221.47 
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Table  XI. 

ENGINE  TEST  CONDITIONS. 

The  speed,  cut-off,  steam  pressure  and  superheat  are  shown  for  each  of  the  tests. 
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The  superheat  in  the  exhaust  steam  increases  gradually  until  the  superheat  in  the  branch  pipe  approximates 
210  degrees,  whereupon  the  superheat  in  the  exhaust  rises  more  rapidly. 
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would  require  the  steam  originally  to  be  heated  to  between 
430  degrees  and  435  degrees  at  the  least,  this  corresponding  to 
adiabatic  expansion,  but  in  as  much  as  there  is  some  back  pressure, 
a lower  temperature,  say  from  360  degrees  to  400  degrees, 
would  allow  steam  to  exhaust  dry  and  saturated  even  if  release 
did  not  occur  until  the  end  of  the  stroke ; however,  since  the  steam 
is  released  at  50  pounds  (65  absolute)  or  above,  the  amount  of 
superheat  necessary  for  the  exhaust  to  be  dry  and  saturated  is 
lower  still. 

1 22.  The  minimum  average  degrees  of  superheat  found  in  the 
exhaust  was  10.3  and  the  maximum  average  72.2,  corresponding 
respectively  to  steam  in  branch  pipe  as  observed  of  194.1  degrees 
and  236.7  degrees  of  superheat,  showing,  as  does  also  Fig.  30 
following,  that  the  superheat  in  the  exhaust  is  higher,  the  higher 
the  superheat  in  the  branch  pipe  and  that  the  increase  in  exhaust 
superheat  is  more  marked  as  that  in  the  branch  pipe  increases 
above  say  210  degrees.  This  indicates,  from  the  point  of  view 
that  superheat  in  the  exhaust  is  wasteful,  not  that  there  is  no 
advantage  in  a higher  superheat  in  the  branch  pipe  than  180 
degrees  to  210  degrees,  but  that  the  full  value  of  the  superheat  is 
not  being  realized  due  to  the  cut-off  being  longer  than  would  be 
the  case  if  larger  cylinders  could  be  provided. 

123.  In  Bulletin  19  (“Tests  of  a Class  K29  Locomotive,” 
paragraphs  119  and  120  and  Fig.  51  of  that  Bulletin)  some  in- 
formation is  given  relative  to  the  temperature  of  the  cylinder 
walls  compared  with  the  temperature  of  the  steam  in  the  branch 
pipe.  Data  in  this  respect  was  not  taken  from  the  E6s  locomotive 
or  from  the  E6,  but  readings  were  obtained  of  the  temperature 
of  the  front  cylinder  head  of  E3sd  locomotive  No.  318  which 
followed  the  E6s  on  the  plant,  as  information  for  this  Bulletin. 
These  temperatures  from  the  E3sd  locomotive  are  given  in  Table 
XII  and  show  the  drop  in  tempe;ature  of  the  front  cylinder  head 
from  the  instant  of  stopping  the  test  with  the  inside  of  the  cylinder 
exposed  to  the  open  exhaust  passage  through  the  valve,  and  in- 
clude one  test  at  120  revolutions  and  30  per  cent,  cut-off,  another 
test  at  200  revolutions  and  35  per  cent,  cut-off  and  two  tests  at 
240  revolutions,  one  of  which  was  at  40  per  cent.,  the  other  at 
45  per  cent,  cut-off,  thus  giving  a range  of  superheat  in  the  branch 
pipe  from  175  degrees  to  260  degrees. 
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DROP  IT,  TUIPERATDEE  OP  CYLINDER  HEAD  (Steam  Surface) 

E3sd  Locomotive  318, 

Test  Number 

3144 

3145 

3147 

j 3146 

Test  Designation, 

120-30-F 

200-35-F 

240-40-F 

j 240-4 5-J 

Pressure  in  Pounds  Per  Square  Inch 

In  boiler. 

205.2 

205.1 

200.0 

192.2 

" branch  pipe. 

198,7 

190.4 

182.3 

174.2 

Uean  forward  pressure. 

97,25 

103.14 

101.61 

97.32 

” baok  " and  compression  pressure, 

8.49 

15.32 

20.46 

20.24 

" effective  pressure. 

88,76 

87,82 

81,15 

77. oe 

Sunerheat.  Dearees  Fahrenheit. 

In  Branch  Pipe, 

1 175.1 

1 228.0 

1 259.7 

1 257.5 

Temperature  of  Steam 

In  branch  pipe  (Superheated  Steam) , Degrees  F, 

562.5 

612.0 

640.3 

634.7 

of  saturated  steam  of  same  pressure. 

387.4 

384.0 

380.6 

377.2 

N n n n »naan  forward  pressure. 

336.1 

340.0 

339,0 

336.2 

" It  » « M back  pressure. 

236.0 

250.4 

259.6 

259.2 

Mean  of  mean  forward  and  mean  back  pressvire. 

286.1 

295.2 

299.3 

297.7  1 

Temperature  of  Front  Cylinder  Head  (Steam  Surface)'  1 

(a)  Aotoal, degrees  F. 

1 394,0 

450,0 

462.0 

466,0 

(b)  Below  that  of  steam  in  brasteh  pipe. 

168,5 

162,0 

178.0 

168.7 

(e)  Above  that  of  saturated  steam  of  same  pressure,  7,4 

62.0 

74.4 

78.4 

(d)  « I*  n H 11  ..  M.E.P.  1 

1 101,3 

88,8 

81.3 

79,5 

Drop  in  Temperature  Right  Front  Cj 

rlinder  Head  (Close  to  Inside  Surface) 

Total  in  15  minutes.  Degrees 

40 

40 

47 

48 

Average  degrees  drop  per  minute. 

2,33 

2.8 

3,15 

3.2 

Drop  in  1st  15  seconds,  , 

— 

1 

1 

1 

M »•  2nd  ♦' 

1 

0 

0 

It  II  3j*d  '» 



0 

1 

2 

It  II  4th  ’* 

— 

0 

1 

0 

Drop  in  one  minute. 

2 

2 

3 

3 

Drop  in  5th  15  seconds. 

— 

2 

1 

1 

" " 6th  '♦  " 

— 

0 

0 

0 

It  It  7tll  It  H 

0 

1 

2 

« '»  8th  " " 

— 

1 

1 

1 

Drop  In  2nd  minute. 

2 

s 

3 

4 

»*  " 2 minutes. 

4 

5 

6 

7 

Average  drop  in  2 minutes, per  minute, 

2 

2.5 

3 

3.5 
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Table  XII. 

DROP  IN  TEMPERATURE  OF  CYLINDER  HEAD  (STEAM  SURFACE). 

This  table  shows  the  temperature  measui^d  at  the  front  cylinder  head  on  the  E3sd  superheated  steam 
locomotive  at  different  speeds  and  cut-offs.  These  temperatures  represent  the  different  working  temperature 
of  the  cylinder  walls. 
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124.  The  temperature  of  the  front  cylinder  head  given  in 
the  Table  as  actual,  represents  as  nearly  as  possible,  in  this  case, 
the  maximum  average  working  temperature  of  the  cylinder  walls. 
It  will  be  seen  that  this  temperature  ranged  in  the  four  tests 
from  162  degrees  to  178  degrees  below  the  temperature  of  the 
superheated  steam  in  the  branch  pipe  and  from  7.4  degrees  to 
78.4  degrees  above  the  temperature  of  the  corresponding  satiu-ated 
steam  of  branch  pipe  pressme  and  from  101.3  degrees  to  79.5 
degrees  above  the  temperature  of  saturated  steam  of  the  actual 
mean  effective  pressure  in  the  cylinders  and  from  158  degrees 
to  207  degrees  above  the  temperature  of  satiu'ated  steam  of 
average  back  pressure.  This  seems  to  indicate  the  possibility 
that  a less  superheat  than  162  degrees  would  result  in  a cylinder 
wall  temperature  below  the  average  temperatime  of  saturated 
steam  of  branch  pipe  pressure,  but  that  the  cylinder  wall  tem- 
perature actually  obtained  would  not  prevent  the  steam  being 
superheated  at  any  time  during  the  stroke  or  in  the  exhaust 
passage. 

!25.  The  drop  in  temperatiu-e  within  15  minutes  after  the 
close  of  the  test  amounted  to  from  40  degrees  to  48  degrees  or  from 
2.3  degrees  to  3.2  degrees  per  minute,  at  a fairly  uniform  rate, 
averaging  from  2 degrees  to  3 degrees  for  the  first  minute 
and  from  2 degrees  to  4 degrees  the  second  minute.  Appar- 
ently the  rate  of  drop  for  the  first  few  seconds  was  not  so  rapid 
as  for  the  latter  portion  of  the  test,  possibly  due  to  the  time  lost 
at  the  end  of  the  test  in  adjusting  the  valve  so  that  it  was  open 
to  the  exhaust.  An  opportunity  for  further  investigation  in  this 
direction  will  be  had  in  the  near  future,  which  will  enable  read- 
ings of  the  temperature  at  different  points  in  the  cylinder  walls 
to  be  taken  from  the  same  locomotive  while  using  different  qual- 
ities of  steam  ranging  from  saturated  to  highly  superheated,  which 
should  give  still  further  valuable  information,  particularly  as  to 
the  amount  of  superheat  desirable  and  also  as  to  that  lost  due 
to  cooling  action  of  the  cylinder  walls;  the  indication  here  is  that 
the  rate  of  cooling  is  slow,  but  information  is  lacking  as  to  the 
amount  of  heat  lost  per  stroke  at  any  given  speed,  due  to  drop 
in  skin  temperature  of  the  cylinder  walls,  and  as  to  what  extent 
this  drop  causes  the  drop  of  approximately  170  degrees  in  the 
steam  temperature  from  that  in  the  branch  pipe  to  the  average 
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temperature  of  the  cylinder  walls,  rather  than  that  the  latter 
is  due  to  useful  work  done  by  the  steam. 

Superheat  in  Branch  Pipe  and  Indicated  Horse-Power. 

126.  The  degree  of  superheat  in  the  branch  pipe  within  the 
range  of  the  power  output  of  this  locomotive  is  shown  in  Fig.  31. 
The  indicated  horse-power  increased  from  747  to  1959  i.h.p.,  and 
the  range  of  superheat  within  these  limits  is  expressed  by  a 
straight  line,  clearly  indicating  that  the  degree  of  superheat  in 
the  branch  pipe  increased  directly  as  the  power  of  the  locomotive 
increased. 

127.  While  the  indicated  horse- power  and  the  degree  of 
superheat  bear  some  relation  to  each  other,  the  degree  of  super- 
heat is  directly  dependent  on  the  steam  pressure,  superheater 
size,  volume  of  steam  flow  and  the  temperature  of  the  gases 
around  the  superheater  units  as  previously  mentioned  in  Par. 
103,  Bulletin  No.  21. 

Indicator  Diagrams. 

128.  Figs.  32,  33  and  34  show  a number  of  indicator  dia- 
grams that  are  representative  for  this  locomotive.  The  test  num- 
bers, scale  of  pressure,  speed  in  r.p.m.  and  m.p.h.,  nominal  cut- 
off, and  the  indicated  horse-power  are  shown  with  each  diagram. 

129.  Each  card  is  designated  as  taken  on  the  right  or  left 
side  of  the  locomotive  and  whether  head  or  crank  end.  It  wiU 
also  be  observed  that  steam  chest  diagrams  are  given  for  each 
indicator  card  taken  on  the  left  side  of  the  locomotive. 

1 30.  The  same  characteristic  feature  observed  in  steam  chest 
diagrams  taken  from  other  superheater  locomotives  when  running 
at  high  speeds,  namely,  the  variation  in  pressure  at  mid-stroke 
is  likewise  shown  in  these  diagrams  in  Fig.  33.  The  pressure 
reaching  210  pounds  is  higher  than  the  boiler  pressure  attained 
and  recorded  for  these  tests.  As  brought  out  in  Bulletin  No. 
21,  this  unlooked  for  fluctuation  is  probably  due  to  inertia  of  the 
steam  in  the  passages  from  the  boiler  to  the  steam  chest  after 
cut-off. 

131.  It  will  be  observed  (Fig.  32)  that  for  speeds  of  200 
r.p.m.  or  46  m.p.h.  and  less,  this  rise  in  steam  pressure  did  not 
occur.  In  each  of  the  several  steam  chest  diagrams  the  pressure 
line  at  the  end  of  the  stroke  loops  at  a point  which  would 
coincide  with  the  continuation  of  the  true  expansion  line. 
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Fig.  31. 

SUPERHEAT  OF  LIVE  STEAM  AND  INDICATED  HORSE-POWER. 

The  regular  increase  in  superheat  with  the  increase  in  the  indicated  horse-power  is  due  to  the  increasing 
combustion  rate,  following  a demand  on  the  boiler  for  a greater  steam  suoply- 
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Fig.  32. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  were  taken  at  speeds  of  28, 37  and  46  miles  per  hour. 
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Fig.  33. 

TYPICAL  INDICATOR  DIAGRAMS. 

These  diagrams  were  taken  at  speeds  of  56.  65  and  75  miles  per  hour. 
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Fig.  34. 

TYPICAL  INDICATOR  DIAGRAM. 

This  diagram  was  taken  at  a speed  of  84  miles  per  hour. 
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Indicated  Horse- Power. 

132.  Table  XIII  is  presented  to  show  the  performance  of 
the  engines  of  this  locomotive.  It  gives  the  speed  in  r.p.m.  the 
duration  of  the  test  in  minutes,  pounds  of  steam  to  the  engines 
per  hour,  the  mean  effective  pressure  in  pounds  per  square  inch, 
the  indicated  horse-power,  the  dry  coal  per  indicated  horse-power 
hour  in  pounds,  pounds  of  superheated  steam  per  i.h.p.  hour  and 
the  B.t.u.  in  the  steam  per  i.h.p.  hour.  The  table  is  arranged 
according  to  the  indicated  horse-power  increase. 

133.  The  indicated  horse-power  ranged  from  747  at  28  m.p.h. 
with  a nominal  cut-off  at  20  per  cent,  to  a maximum  of  1958  i.h.p. 
at  56  m.h.p.  and  45  per  cent,  cut-off.  At  56  m.p.h.  with  45  per 
cent,  cut-off  the  maximum  capacity  of  the  boiler  was  reached 
and  above  this  speed  and  cut-off  the  power  of  the  locomotive 
steadily  diminished. 

Drop  in  Pressure  from  Throttle  to  Branch  Pipe. 

134.  Referring  to  Table  XIV,  it  may  be  seen  that  the  drop 
in  pressure  from  throttle  to  branch  pipe  increased  at  like  cut- 
offs with  an  increase  in  speed,  and  at  the  same  speeds  it  increased 
with  an  increase  in  the  cut-off. 
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Table  XML 
INDICATED  HORSE-POWER. 

The  indicated  horse-power  range's  from  746.87  at  120  revolutions  per  minute, or  28  miles  per  hour,  to 
1958.5  at  240  revolutions  per  minute,  or  56  miles  per  hour.  The  steam  consumption  per  indicated  horse- 
power hour  is  as  low  as  14.91  and  the  coal  consumption  does  not  exceed  3.24  pounds. 
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135.  In  Fig.  35  this  drop  in  pressure  is  plotted  against  the 
i.h.p.  The  curve  indicates  that  the  drop  was  gradual  up  to  about 
1600  indicated  horse-power.  The  steam  consumption  at  this 
power  output  reached  26,300  pounds  per  hour  (Fig.  37),  and  the 
steam  flow  attained  a maximum  velocity  of  approximately  4840 
feet  per  minute.  Above  this  steam  velocity,  the  drop  in  pressure 
tends  to  increase  rapidly  until  the  maximum  indicated  horse- 
power is  reached. 

136.  The  maximum  drop  iii  pressure  for  this  locomotive  was 
20.3  pounds.  It  occurred  when  the  weight  of  steam  flow  to  the 
engines  reached  32,360  pounds  per  hour,  or  a rate  of  flow  of  over 
7000  feet  per  minute  through  the  superheater  units. 

Steam  to  the  Engines. 

137.  The  steam  to  the  engines  per  indicated  horse-power 
hour  shown  in  column  381,  Table  XIII,  is  plotted  against  the 
indicated  horse- power  (column  379)  in  Fig.  36  for  the  E3sd 
superheater  locomotive.  Above  is  shown  a similar  curve  for  the 
E2d  saturated  steam  locomotive. 

138.  The  diagram  illustrates  the  economical  performance 
of  the  superheater  locomotive  or  the  saving  in  the  water  per 
indicated  horse-power  hour  above  that  obtained  from  a saturated 
steam  locomotive  having  a cylinder  1.5  inches  smaller  in  diameter. 
The  saving  effected  increases  with  the  increase  in  the  power 
developed  and  ranged  from  21.4  per  cent,  at  600  i.h.p.  to  34.5 
per  cent,  at  1400  i.h.p. 

139.  The  increased  consumption  of  steam  per  i.h.p.  hour, 
at  low  horse-power,  seems  characteristic  for  this  class  of  locomo- 
tive, namely,  the  E2a  (Bulletin  No.  5,  Fig.  5),  E2d  and  E3sd 
locomotives.  The  steam  consumption  drops  off  gradually  as 
the  power  developed  is  increased.  This  is  not  so  noticeable  in 
the  case  of  the  E6s  locomotive  (Bulletin  No.  21,  Fig.  58),  where  the 
curve  is  more  flat,  nor  is  it  as  pronounced  in  the  Pacific  type  K29 
locomotive  (Bulletin  No.  19,  Fig.  42). 

140.  Fig.  37  furnishes  a curve  showing  the  relation  between 
the  pounds  of  steam  per  hour  and  the  indicated  horse-power. 
The  curve  for  the  E6s  locomotive  given  in  Bulletin  No.  21,  Fig. 
57,  is  a straight  line  showing  a more  direct  relation  between  the 
power  output  and  the  steam  consumption. 
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Fig.  35. 

DROP  IN  PRESSURE  THROUGH  SUPERHEATER. 

The  drop  in  pressure  increases  with  the  power  output  of  the  locomotive,  due  to  the  increase  in  the  volume 
of  steam  required  to  generate  the  increased  power. 
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rig.  36. 

STEAM  PER  INDICATED  HORSE-POWER  HOUR  AND  INDICATED  HORSE-POWER. 

The  saving  in  steam  due  to  superheating  is  21.4  to  34.5  per  cent,  at  the  maximum  power  output  of  the  E2d 

saturated  steam  locomotive. 
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141.  From  the  steam  per  hour  curve  (Fig.  37),  the  steam  per 
indicated  horse-power  hour  curve  is  plotted  below  in  the  same 
figure.  It  shows  that  the  greatest  steam  economy  should  occur 
when  the  power  output  reaches  1550  i.h.p.  The  steam  consump- 
tion at  this  point  approximates  16.45  pounds  per  i.h.p.  hour 
apparently  increasing  thereafter  to  17.3  pounds  per  i.h.p.  hour  at 
the  maximum  output  of  the  locomotive. 

Superheat  and  Water  Rate. 

142.  Table  XV  gives  the  draft  in  front  of  diaphragm  in 
inches  of  water,  the  indicated  horse-power,  B.t.u.  in  the  steam 
per  indicated  horse-power  hour,  superheated  steam  per  indicated 
horse-power  hour  in  pounds,  dry  coal  per  indicated  horse-power  hour 
in  pounds  and  the  superheat  in  the  branch  pipe.  The  table  is 
arranged  in  order  of  the  superheat  in  the  branch  pipe  (column 
230),  from  the  minimum  to  maximum  degree  of  superheat. 

143.  The  B.t.u.  in  the  steam  per  i.h.p.  hour  are  plotted  with 
the  actual  cut-offs  in  per  cent,  of  stroke  for  corresponding  tests  in 
Fig.  38.  Above  the  different  points  are  printed  the  speed  in  r.p.m. 
The  general  trend  of  these  curves  for  speeds  up  to  and  including 
240  r.p.m.  (56  m.p.h.),  indicates  that  there  was  a gradual  increase 
in  the  number  of  B.t.u.  in  the  steam  per  i.h.p.  hour  as  the  per  cent, 
of  cut-off  was  increased.  Above  the  speed  of  240  r.p.m.  the  heat 
in  the  steam  increased  more  rapidly.  This  should  be  expected 
as  for  a given  water  rate,  the  superheat  should  increase  with 
an  increase  in  cut-off  or  the  power  output  of  the  locomotive. 

Least  Back  Pressure. 

144.  The  least  back  pressure  for  the  E3sd  locomotive  gradu- 
ally increased  with  the  indicated  horse-power  up  to  1600  i.h.p. 
Above  that  indicated  horse-power  it  increased  rapidly  until  the 
maximum  power  of  the  locomotive  was  reached.  This  is  brought 
out  in  Fig.  39,  where  the  least  back  pressure  is  plotted  against 
the  i.h.p.  The  least  back  pressure  in  the  cylinders  ranged  from 
1.9  pounds  at  the  minimum  i.h.p.  to  11.8  pounds  at  the  maximum 
power  developed  by  the  locomotive. 

145.  On  this  diagram  is  also  graphically  shown  the  relation 
existing  between  the  indicated  horse-power  and  the  least  back 
pressure  in  the  cylinders  of  an  E2d  saturated  steam  locomotive. 
This  curve  is  plotted  from  the  results  of  a number  of  tests  made  on 
an  E2d  locomotive  No.  3162. 
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Fig.  37. 

STEAM  CONSUMPTION  AND  INDICATED  HORSE-POWER. 

The  steam  supplied  to  the  engines  and  the  indicated  horse-power  developed  form  the  steam  per  hour  curve. 
The  steam  per  indicated  horse-power  hour  curve  is  calculated  from  the  above  curve. 
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SOPFEBEA-T  AND  WATER 

RATE. 

Test 

Test 

Draft  Front 

Indicated 

\ 

B.t.u.  in 

I 1 

Superheated 

Dry  Coal 

Superheat 

No. 

of 

Steam  per 

Steam  per 

Per 

in 

Designa- 

Diaphragm 

Horse 

Indicated 

Indicated 

Indicated 

Inches  of 

Horse  power 

Horse  power 

Horse  poorer 

Branch 

tlon 

Water 

power 

Hour 

Hour .pounds 

Hour.Potuids 

Pipe 

222 

379 

381 

380 

230 

3111 

120-2CL.F 

3.3 

746.87 

25236 

19.91 

2.28 

118.15 

3112 

120-30-F 

4.4 

945.11 

24140 

18.06 

2.37 

138.70 

3113 

160-35-F 

7.2 

1313.80 

22977 

17.83 

2.25 

161.69 

3114 

160-4 5-F 

10.9 

1588.20 

24130 

18>62 

3.00 

175.07 

3115 

200-35-F 

9.3 

1548.90 

22247 

17.20 

2.61  j 

j 179.26 

3137 

120-40-F 

5.7 

1161.4 

23536 

18.01 

2.53 

192,56 

3109 

240-4 5-P^ 

13.7 

1861.8 

24052 

18.46 

3.06 

193,44 

3136 

200— 20— F 

4.6 

1129.14 

22028 

16.74 

2.17 

195,44 

3121 

160-30-P 

5.9 

1193.9 

22189 

16.96 

2.12 

199.39 

3126 

320-20-F 

8.0 

1624.03 

19560 

14.91 

2.33 

207,43 

3117 

240-2CV-F 

6.0 

1315.6 

2060O 

15.68 

2,07 

208.44 

3133 

160-50-F 

10.6 

1691.6 

23422 

17.79 

3,24 

211.67 

3116 

240-35-F 

9.9 

1724.4 

21752 

16.55 

2,'55 

213,96 

3134 

200-35-F 

8.3 

1596.1 

21303 

16,24 

2.80 

218,04 

3142 

360-25-F 

9.8 

1776.96 

20411 

15.5C 

2.H9 

220.83 

3119 

20O-2O~F 

7.6 

1534.2 

19438 

14,78 

2.10 

221,08 

3128 

320-25-F 

9.3 

1738.9 

19684 

15.69 

2,36 

221.40 

3143 

360-25-F 

10.3 

1852.95 

20373 

15.46 

2.94 

221 .47 

3125 

280-35-F 

11.3 

1858.4 

22079 

16.71 

2.65 

226.80 

3135 

200-35-F 

0.0 

1574.8 

21262 

16.09 

2,3? 

227.37 

3122 

280-30- F 

10.3 

1690.5 

20546 

16.55 

2,55 

227,38 

3127 

320-30-F 

11m4 

1854.7 

20903 

15.81 

3.03 

228.29 

3124 

200-4 5-F 

12,3 

1820.6 

23520 

15,77 

3.02 

232,32 

3139 

240-4 5-F 

12.8 

1958.50 

22859 

17.17 

3,05 

253.84 

Sheet  No.?.“10M 

Table  XV. 

SUPERHEAT  AND  WATER  RATE. 

The  maximum  superheat  obtained  is  253.8  degrees.  The  table  is  presented  to  show  the  effect  of  the  super- 
heat upon  the  coal  and  water  rates. 
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Fig.  38. 

HEAT  SUPPLIED  AND  CUT-OFF. 

The  heat  supplied  in  the  steam  increases  with  the  cut-off.  This  increase  is  gradual  up  to  240  revolutions 
per  minute,  or  56  miles  per  hour,  after  which  it  is  more  rapid. 
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Fig.  39. 

LEAST  BACK  PRESSURE  AND  INDICATED  HORSE-POWER. 

At  corresponding  indicated  horse-powers  the  superheated  steam  locomotive  exhausts  with  a least  back 
pressure  ranging  from  42  per  cent,  to  50  per  cent,  of  the  least  back  pressure  of  the  E2d  saturated  steam 
locomotive. 
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J 46.  Comparing  the  curves  for  the  saturated  and  superheater 
locomotives,  it  is  seen  that  the  curve  representing  the  least  back 
pressure  for  the  saturated  locomotive  rises  more  abruptly  as  the 
power  is  increased. 

147.  It  is  also  observed  that  for  the  same  power  output  the 
superheated  steam  locomotive  exhausted  with  a least  back  pressure 
ranging  from  42.4  per  cent,  at  700  i.h.p.  to  53.1  per  cent,  at 
1400  i.h.p.  (the  maximum  power  attained  for  the  saturated  E2d 
locomotive)  of  the  least  back  pressure  obtained  from  the  saturated 
steam  locomotive. 

148.  A somewhat  similar  relation  was  shown  between  the 
E6  and  E6s  locomotives  in  Bulletin  No.  21,  Fig.  48.  On  the  plot 
referred  to,  the  curves  are  seen  to  parallel  each  other  more  closely, 
and  the  least  back  pressure  for  the  E6s  superheated  steam  loco- 
motive was  considerably  less  than  for  the  E6  saturated  locomotive. 

149.  The  following  table  is  presented  to  show  a comparison 
between  the  least  back  pressure  for  the  E2d  and  E6  saturated 
steam  locomotives  and  the  E3sd  and  the  E6s  superheated  steam 
locomotives. 


Table  Showing  Comparison  Between  the  Least  Back  Pres- 
sure FOR  THE  E2d,  E3sd,  E6  and  E6s  Locomotives. 


Indicated 

Horse- 

power 

Developed 

Least  Back 
Pressure 

Difference 
in  Pressure 
Favorable 
to  E3sd 
Locomotive 

Least  Back 
Pressure 

Difference 
in  Pressure 
Favorable 
to  E6s 
Locomotive 

Difference 
in  Pressure 
between 
E6s  and  E3sd 
Locomotives 

E2d 

E3sd 

E6 

E6s 

700 

3.3 

1.4 

1.9 

0.70 

0.70 

800 

3.8 

1.8 

2.0 

0.70 

1.10 

900 

4.4 

2.2 

2.2 

0.75 

1.45 

1000 

5.2 

2.65 

2.55 

0.80 

1.85 

1100 

6.2 

3.2 

3.0 

0.95 

2.25 

1200 

7.4 

3.7 

3.7 

4.4 

1.1 

3.3 

2.6 

1300 

8.9 

4.3 

4.6 

4.7 

1.4 

3.3 

2.9 

1400 

10.6 

5.05 

5.55 

5.3 

1.8 

3.5 

3.25 

1500 

12.6 

5.9 

6.7 

6.2 

2.3 

- 3.9 

3.6 

1600 

6.85 

7.3 

2.9 

4.4 

3.95 

1700 

8.0 

8.5 

3.7 

4.8 

4.3 

1800 

9.5 

9.9 

4.65 

5.25 

4.85 

1900 

11.8 

5.8 

6.0 
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150.  When  comparing  this  data  it  should  be  kept  in  mind 
that  practically  no  difference  exists  between  the  E6  and  the'Ebs 
locomotives,  excepting  the  application  of  the  superheater.  While 
the  E3sd  locomotive,  in  addition  to  having  a superheater  has 
cylinders  -inches  larger  in  diameter  than  the  cylinders  of  the 
E2d,  and  that  the  exhaust  of  the  E3sd  is  furnishing  draft  for  a 
boiler  whose  tubes  are  9.4  per  cent,  longer  than  those  of  the  E6s 
(see  Par.  106). 

151.  Just  what  effect  this  has  had  on  the  least  back  pressure, 
is  hard  to  discern  in  this  instance.  Comparing  both  classes  of 
locomotives,  there  is  seen  the  same  tendency  for  their  least  back 
pressure  to  increase  as  the  power  output  of  the  locomotive  is  in- 
creased, a condition  that  is  reasonably  anticipated. 

152.  At  the  same  time  the  large  difference  existing  between 
the  least  back  pressures  for  the  E3sd  and  E6s  locomotives  cannot 
fail  to  attract  notice. 

1 53.  The  cylinders  are  of  like  dimensions  for  both  locomotives. 
The  E6s  locomotive  has  a larger  boiler  capacity. 

1 54.  A study  of  the  designs  for  the  E6s  and  E3sd  locomotive 
cylinders  reveals  the  most  probable  reason  for  the  much  greater 
least  back  pressure  of  the  E3sd  locomotive. 

155.  The  exhaust  passages  in  the  E6s  locomotive  cylinders 
are  direct  with  long  radius  bends  as  shown  in  Bulletin  No.  21,  Fig.  9, 
and  their  areas  are  sufficiently  large.  In  the  case  of  the  E3sd 
locomotive  (Fig.  8),  the  exhaust  steam  in  its  travel  from  the  valve 
to  the  nozzle  moves  through  a passage  whose  course  changes  at 
least  four  times.  In  some  instances  these  turns  are  abrupt  rather 
than  of  an  easy  radius  similar  to  that  of  the  bends  in  the  passage 
of  the  E6s  cylinders. 

156.  The  design  of  the  E6s  locomotive  cylinders,  pertaining 
to  the  steam  passages,  their  course  and  area,  fulfills  every  re- 
quirement as  shown  by  the  performance  of  this  locomotive  No.  89 
on  the  Test  Plant.  The  results  obtained  from  the  tests  on  the 
E3sd  locomotive,  make  it  apparent  that  we  might  expect  a some- 
what better  performance  from  this  locomotive  especially  above  an 
i.h.p.  of  1500  if  new  cylinders  were  substituted  with  exhaust 
steam  passages  similar  in  design  to  those  in  the  E6s  locomotive 
cylinders. 

157.  Fig.  40,  in  which  the  least  back  pressure  and  the  steam 
per  indicated  horse-power  hour  are  plotted,  indicates  that  the  econ- 
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omy  for  any  given  cut-off  increases  with  an  increase  in  least  back 
pressure  under  these  test  conditions  and  within  their  limits.  It 
must  not  be  assumed  that  back  pressure  in  itself  is  advantageous. 
There  is  an  unavoiadble  increase  in  the  back  pressure  with  the 
increase  in  the  volume  of  steam  passed  through  the  cylinder,  but 
the  increase  in  economy  is  due  entirely  to  other  causes. 

158.  This  was  similarly  shown  in  Bulletin  No.  21,  Fig.  47 
and  Par.  120,  for  the  E6s  locomotive  and  in  Bulletin  No.  18,  Fig. 
51,  for  the  Pacific  type  K2sa  locomotive.  As  brought  out  in  the 
Bulletin  for  the  E6s  locomotive,  it  is  “presumably  necessary  and 
probably  pays  to  spend  in  back  pressure  for  draft  in  proportion 
to  the  power  and  superheat  developed,  so  as  to  realize  the  economy 
which  results. 

Draft. 

159.  The  following  Table  XVI  gives  the  actual  cut-offs  ob- 
tained from  the  indicator  card,  the  speed  in  approximate  miles  per 
hour  and  the  draft  in  front  of  diaphragm  in  inches  of  water  for 
each  of  the  tests. 

Table  XVI. 


Actual  Cut-off 
IN  Per  Cent. 

OF  Stroke 

Speed  in  Miles  Per  Hour 

1 

28  37 

46 

56  65 

74 

84 

Draft  in  front  of  diaphragm  in  inches  of  water 

18.3 

CO 

CO 

21.2.. 

4.6 

8.0 

22.8 

6.0 

1 

25.2 

4.4 

25.7 

7 6 

25.8 

9.3 

26.4 

5.9 

30.8 

11.4 

31.1 

8.0 

10.3 

31.2 

9.8 

31.5 

7.2 

8.3 

. 

31.6 

10.3 

32.7 

9.3 

33.4 

9.9 

34.4 

5.7 

11.3 

41.1  

10  9 

41.5 

12.3 

41.9 

12  8 
13.7 

42.1 

42.8... 

10.6 

1 

1 

! 

88 


Fig.  40. 

STEAM  PER  INDICATED  HORSE-POWER  AND  LEAST  BACK  PRESSURE. 

The  steam  supplied  to  the  engines  decreases  with  an  increase  in  the  least  back  pressure  for  any  given  cut-off. 
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!60.  A glance  at  the  Table  referred  to  shows  the  effect  which 
may  be  had  upon  the  draft  brought  about  by  the  method  of  opera- 
ting the  locomotive  with  respect  to  speed  and  cut-off. 

!6I.  In  Fig.  41  the  draft  in  inches  of  water  in  front  of  dia- 
phragm is  plotted  with  the  speed  of  the  locomotive  in  miles  per 
hour.  Above  each  point  may  be  seen  the  actual  cut-off  in  per 
cent,  of  stroke,  and  curves  are  drawn  through  the  points  of  approx- 
imately like  cut-off. 

1 62.  These  curves  show  the  draft  to  increase  directly  with  the 
speed  of  the  locomotive,  and  the  rate  of  increase  for  the  drafts  at 
similar  cut-offs  as  the  speed  increases  is  approximately  the  same 
with  the  possible  exception  at  the  minimum  cut-offs.  This  curve, 
it  is  noticeable,  does  not  have  such  a steep  slope  as  the  other  three. 

Coal  Rate. 

1 63.  Fig.  42  shows  that  the  coal  rate  increased  gradually  with 
the  indicated  horse-power,  from  1700  pounds  to  5700  pounds  per 
hour.  On  the  same  plot  is  drawn  another  curve,  the  ordinates 
of  which  were  calculated  from  the  curve  above.  This  lower  curve 
shows  that  the  average  amount  of  coal  consumed  per  i.h.p.  hour 
increased  gradually  as  the  power  of  the  locomotive  increased. 
The  dry  coal  fired  per  i.h.p.  horn*  increased  from  2.28  pounds  to 
3.05  pounds,  while  the  indicated  horse-power  (column  379,  Table 
XII)  increased  from  minimum  to  maximum. 

164.  The  dr}^  coal  in  pounds  per  i.h.p.  hour,  and  the  indicated 
horse-powers  are  plotted  in  Fig.  43.  The  very  gradual  increase 
in  the  fuel  consumption  throughout  the  entire  range  of  power  out- 
put for  this  locomotive  is  apparent,  and  the  corresponding  rate  of 
fuel  consumption  indicates  a very  good  grate  performance,  all  of 
which  tends  to  show  that  the  design  of  the  firebox  is  well  propor- 
tioned to  the  boiler  requirements.  It  should  be  also  remembered 
that  the  presence  of  the  superheater  and  arch  is  responsible  to  a 
great  extent  for  the  economical  fuel  consumption  of  this  locomotive. 

1 65.  Referring  to  Fig.  44,  there  is  plotted  at  the  lower  portion 
of  the  diagram,  the  branch  pipe  pressure  in  pounds  per  square  inch 
and  the  dry  coal  fired  in  pounds  per  indicated  horse-power  hour. 
It  is  apparent  that  the  coal  consumed  per  i.h.p.  horn*  increased  as 
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Fig.  41. 

DRAFT  IN  FRONT  OF  DIAPHRAGM  AND  SPEED  OF  LOCOMOTIVE. 
The  draft  increases  directly  with  the  speed  of  the  locomotive  at  any  given  cut-off. 
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Fig.  42. 

COAL  PER  HOUR  AND  INDICATED  HORSE-POWER. 

The  coal  per  hour  line  shows  the  dry  coal  fired  and  the  indicated  horse-power  developed.  Below  is  given 
the  coal  per  indicated  horse-power  hour  curve  calculated  from  the  one  above. 
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Fig.  43. 

DRY  COAL  FIRED  PER  INDICATED  HORSE-POWER  HOUR  AND  HORSE-POWER. 

The  curve  indicates  a very  gradual  increase  in  fuel  consumption  throughout  the  range  of  power  developed. 
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Fig.  44. 

BRANCH  PIPE  PRESSURE,  SUPERHEAT  AND  COAL  RATE. 

The  superheat  increases  with  the  rate  of  evaporation,  and  the  steam  pressure  in  the  branch  pipe  decreases 
as  the  rate  of  firing  is  increased. 
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the  branch  pipe  pressure  dropped.  This  increase  in  coal  consump- 
tion was  due  to  forcing  the  boiler  to  a higher  rate  of  evaporation, 
and  thus,  since  this  drop  takes  place  at  the  higher  rates  of  evapora- 
tion it  would  appear  that  the  cause  is  due  either  to  the  long  passage 
for  the  steam  through  the  superheater  units  or  to  some  constricted 
point  along  its  course  (see  Par.  91). 

1 66.  The  drop  in  pressure  is  of  importance  since  there  can  be 
no  doubt  that  it  materially  lessens  the  maximum  power  output 
of  the  locomotive.  Only  after  we  have  made  some  exhaustive 
tests  on  superheaters  of  this  type  of  different  lengths  of  tube  and 
sizes,  will  we  be  able  to  draw  a definite  conclusion  as  to  what 
limits  we  can  safely  approach  in  superheater  size  to  minimize  the 
drop  in  pressure  at  the  branch  pipe. 

1 67.  In  the  upper  portion  of  this  figure  is  shown  the  relation 
between  the  superheat  in  the  branch  pipe  in  degrees  Fahrenheit, 
and  the  dry  coal  fired  in  pounds  per  i.h.p.  hour.  The  value  of 
the  plot  is  to  illustrate  how  the  coal  rate  per  i.h.p.  hour  is  affected 
by  a variation  in  the  degrees  of  superheat  at  a given  steam 
chest  pressure.  The  relation  shown  is  not  as  good  as  that 
shown  similarly  for  the  E6s  locomotive  (Bulletin  21,  Fig.  64)  or 
the  K2sa  locomotive  (Bulletin  18,  Fig.  59). 

168.  The  points  on  this  diagram  are  considerably  more  in- 
termingled with  respect  to  their  corresponding  rates  of  equivalent 
evaporation  per  square  foot  of  heating  surface  printed  immedi- 
ately above. 

169.  Between  the  minimum  and  maximum  rates  of  evapora- 
tion, namely  8 and  18,  eleven  lines  are  drawn  at  equal  intervals, 
each  representative  of  an  evaporation  rate  which  is  marked  at 
the  end  of  the  line. 

170.  The  degree  of  superheat  ranged  from  120  to  230  degrees 
between  the  above  limits.  The  former  figure,  120  was  reached 
when  the  equivalent  evaporation  per  square  foot  of  heating  sur- 
face was  8.2  pounds,  and  the  latter  or  230  degrees  at  18.6  pounds. 

371.  The  conditions  under  which  the  locomotive  was  opera- 
ted in  respect  to  speed  and  cut-off  are  probably  largely  responsible 
for  the  variation  of  the  several  points  from  the  lines  as  drawn. 
Nevertheless  it  is  seen  that  the  degree  of  superheat  will  increase 
with  an  increase  in  the  evaporation  rate  at  a fair  rate  of  uniformity. 
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and  a variation  from  the  rule  can  only  be  explained  in  the  opera- 
tion of  the  locomotive  under  some  varying  condition. 

172.  As  mentioned  in  Bulletin  No.  18,  Par.  143,  this  diagram 
brings  out  the  point  that  the  loss  in  eflSciency,  which  is  naturally 
expected  on  such  a locomotive  when  forcing  the  boiler,  is  balanced 
to  a great  extent  by  the  resulting  increased  superheat,  for  in  con- 
sequence of  this  increased  superheat  the  engines  operate  at  a 
somewhat  better  water  rate. 
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LOCOMOTIVE  PERFORMANCE. 


Dynamometer  Records. 

173.  The  application  of  a superheater  to  this  Atlantic  type 
locomotive  had  the  effect  of  increasing  the  economy  of  the  engines 
and  the  power  of  the  locomotive  as  a unit.  This  has  been  em- 
phasized in  paragraphs  9 and  10  in  the  conclusions  of  Bulletin 
No.  21,  describing  the  tests  of  class  E6s  Atlantic  type  locomotive, 
and  in  the  following  discussion  comparison  is  similarly  made 
between  the  E3sd  superheater  and  E2d  saturated  steam  locomo- 
tives. The  economy  in  fuel  and  water,  together  with  the  increased 
power  due  to  the  application  of  a superheater  and  larger  cylinders, 
is  worthy  of  attention. 

174.  It  is  unfortunate  that  many  of  the  tests  made  with  the 
E2d  locomotive  were  very  short  in  duration.  For  this  reason  we 
are  unable  to  show  elaborate  comparisons  pertaining  to  the  con- 
sumption of  fuel.  However,  such  facts  as  are  mentioned  may  be 
considered  representative  for  this  class  of  locomotive,  and  serve 
to  bring  out  some  interesting  information. 

175.  It  is  probable  that  the  future  usefulness  of  this  type  of 
locomotive  may  be  increased  to  a considerable  extent,  since  their 
conversion  to  superheater  locomotives.  With  this  in  mind,  the 
dynamometer  records  offer  an  interesting  study.  By  an  analysis 
of  the  data  offered  in  the  following  pages,  a fair  idea  may  be  had 
of  the  further  possibilities  of  usefulness  of  the  class  E3sd  locomo- 
tive from  an  operating  standpoint,  as  well  as  its  potency  for  an 
increase  in  power  on  a track  structure  limiting  increase  in  wheel 
loads. 

Grate  Performance  and  Dynamometer  Horse-Power. 

!76.  Table  XVII,  arranged  according  to  the  increase  in  the 
dynamometer  horse-power  developed,  may  be  frequently  referred 
to  in  the  following  discussion.  It  contains  the  test  number,  the 
speed  in  r.p.m.,  the  nominal  cut-off,  duration  of  test  in  minutes, 
drawbar  pull  in  pounds,  dynamometer  horse-power,  dry  coal  per 
dynamometer  horse-power  hour  in  pounds,  superheated  steam  per 
dynamometer  horse-power  hour  in  pounds,  B.t.u.  in  the  steam 
per  drawbar  horse-power  hour  and  the  thermal  efficiency  of  the 
locomotive  in  per  cent. 
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Table  XVII. 

DRAWBAR  HORSE-POWER. 

This  locomotive  developed  a drawbar  pull  of  5676  pounds  at  84  miles  per  hour,  a maximum  dynamometer 
horse-pov/er  of  1573.6  at  56  miles  per  hour  and  a thermal  efficiency  ranging  from  4.34  to  7.08  per  cent. 
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177.  The  dynamometer  horse-power  obtained  with  the  E3sd 
locqmotive  ranged  from  a minimum  of  498.7  to  a maximum  of 
1573.6  horse-power.  During  the  increase  in  the  power  of  the 
locomotive,  the  coal  rate  per  hour  per  square  foot  of  grate  in- 
creased from  31.19  to  109.27. 

!78.  In  Fig.  45,  which  shows  the  dynamometer  horse-power, 
boiler  efficiency  and  rates  of  firing  in  pounds  per  square  foot  of 
grate,  it  will  be  observed  that  there  is  a sharp  rise  in  dynamometer 
horse-power  as  the  rates  of  firing  increase  up  to  about  60  pounds 
per  square  foot  of  grate.  At  higher  rates  of  combustion  the 
horse-power  shows  a uniform  increase  up  to  a maximum  of  about 
1600. 

179.  On  the  same  diagram,  the  efficiency  of  the  boiler  is 
shown  as  a straight  line.  As  the  power  and  combustion  rates 
were  increased,  the  boiler  efficiency  decreased  from  77.2  per  cent, 
to  51.3  per  cent. 

180.  Now,  referring  to  Fig.  46,  there  is  shown  graphically 
the  effect  of  speed  upon  the  combustion  rate  per  dynamometer 
horse-power  hour.  As  the  speed  increased  to  60  miles  per  hour 
the  increase  in  the  coal  rate  was  slight,  but  above  this  speed  the 
rate  of  firing  increased  rapidly.  This  indicates  the  E3sd  loco- 
motive to  be  more  economical  in  burning  fuel  when  running  at 
speeds  under  60  m.p.h.  The  uniformity  in  the  coal  rate  per 
dynamometer  horse-power  up  to  60  m.p.h.  is  characteristic  of 
superheater  locomotives,  and  is  not  so  apparent  with  the  saturated 
steam  locomotive;  a typical  instance  of  this  is  shown  for  the  E6 
Atlantic  type  locomotive.  The  curve  for  the  E6  locomotive  is 
plotted  above  on  the  same  figure  and  it  will  be  observed  that  at 
45  m.p.h.  there  is  an  abrupt  change  in  the  rate  of  fuel  consump- 
tion, and  it  rapidly  increases  with  the  increase  in  the  speed. 
The  E2a  locomotive,  Atlantic  type,  using  saturated  steam  and 
fired  with  a different  grade  of  coal,  shows  the  same  tendency, 
although  not  to  such  a marked  degree  (see  Bulletin  No.  5). 

Steam  Consumption  and  Its  Relation  to  Piston  Speed. 

! 8 1 . The  steam  consumption  per  indicated  horse-power  hour 
is  plotted  against  the  speed  of  the  piston  in  feet  per  minute  in 
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Fig.  45. 

DYNAMOMETER  HORSE-POWER  AND  COAL  FIRED  PER  SQUARE  FOOT  OF  GRATE. 

While  the  increase  in  the  rate  of  firing  is  gradual  up  to  1200  dynamometer  horse-power,  it  shows  a greater 
degree  of  uniformity  above  this  horse-power.  The  boiler  efficiency  decreases  directly  with  an  increase  in 
the  rate  of  combustion. 
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Fig.  46. 

DRY  COAL  PER  DYNAMOMETER  HORSE-POWER  HOUR  AND  SPEED  OF  LOCOMOTIVE. 
The  greater  uniformity  in  the  coal  rate  per  dynamometer  horse-power  hour  is  characteristic  of  the  superheated 

steam  locomotive. 
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Fig.  47.  This  diagram  contains  a number  of  curves  representing 
similarly  other  classes  of  locomotives  that  have  been  on  the  Test 
Plant.  These  locomotives  have  all  been  previously  reported  and 
<are  here  given  for  the  purpose  of  comparison  with  the  E3sd  loco- 
motive. 

182.  It  is  of  interest  to  note  that  at  piston  speeds  up  to  1400 
feet  per  minute,  the  performance  of  the  E3sd  locomotive  out- 
strips all  other  locomotives,  with  the  exception  of  the  Hannover 
Compound  carrying  a low  degree  of  superheat. 

183.  The  K2sa  simple  Pacific  type  locomotive  with  super- 
heater, slightly  exceeds  the  economical  performance  of  the  E3sd 
locomotive  at  speeds  above  1400  feet  per  minute. 

!84.  The  diagram  shows  the  exceptionally  low  water  rate  of 
the  E3sd  locomotive  as  compared  with  the  other  locomotives  at  a 
high  rate  of  speed,  namely,  15.5  pounds  per  i.h.p.  hour  at  a piston 
speed  of  1600  feet  per  minute  and  19.2  pounds  per  i.h.p.  hour  at 
500  feet  per  minute.  At  1385  feet  per  minute  the  water  rates  for 
the  K2sa  and  E3sd  are  alike,  15.6  pounds  per  i.h.p.  hour.  The 
water  rate  for  the  E3sd  is  less  than  that  for  the  E6s  throughout 
the  whole  range  of  piston  speed. 

185.  The  similarity  of  the  curves  for  the  E3sd  and  E6s  loco- 
motives will  be  noticed.  The  cylinders  on  both  locomotives  are 
22  inches  by  26  inches,  and  the  fact  that  they  are  of  like  dimen- 
sions no  doubt  accounts  for  the  similar  decrease  in  the  water  rate 
for  the  two  locomotives,  especially  is  this  true  at  high  speeds. 

186.  Likewise  is  apparent  the  similarity  in  the  shape  of  the 
curves  for  the  E3sd  superheater  locomotive,  and  the  E2a  simple 
saturated  steam  locomotive  at  speeds  below  1000  feet  per  minute. 
These  locomotives  are  similar  in  all  respects,  with  the  exception 
of  valves  and  valve  gears.  The  E2a  locomotive  had  the  Wilson 
slide  valve  and  the  Stephenson  valve  gear. 

187.  Comparing  the  curve  for  the  E3sd  superheater  locomo- 
tive with  that  representing  the  performance  of  the  E2d  saturated 
steam  locomotive  on  this  diagram,  the  benefit  to  be  derived  by 
using  a high  degree  of  superheat  in  preference  to  saturated  steam  is 
at  once  apparent.  By  adding  a superheater  to  this  locomotive  we 
have  affected  an  economy  in  its  water  rate,  based  on  piston  speed, 
of  approximately  25  per  cent.  Both  locomotives  were  tested 
under  similar  conditions  and  were  fired  with  the  same  grade  of 
coal. 
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Fig.  47. 

PISTON  SPEED  AND  WATER  RATE. 

Between  piston  speeds  of  700  and  1400  feet  per  minute  the  E3sd  simple  superheated  steam  locomotivf:'- 
outstrips  all  other  locomotives  previously  tested  on  the  test  plant.  The  simple  superheated  steam  locomotives 
(K2sa,  E3sd,  E6s  and  K29s)  at  piston  speeds  above  950  feet  per  minute  show  better  results  than  the  othe.' 
locomotives. 
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188.  Again  attention  may  be  called  to  the  economy  that 
may  be  derived  from  the  use  of  highly  superheated  steam  in  a 
simple  engine.  The  curves  in  the  diagram  (Fig.  47),  show  con- 
clusively the  economy  to  be  obtained  above  that  received  from 
compounding  or  using  a low  degree  of  superheat  in  a compound 
locomotive. 

189.  Fig.  48  is  presented  to  show  the  relation  between  the 
cut-off  in  per  cent,  of  stroke  and  the  superheated  steam  in  pounds 
per  indicated  horse-power  hour. 

190.  Fig.  49  illustrates  graphically  the  relation  between  the 
indicated  horse-power  developed  and  the  cut-off  at  the  different 
speeds  the  locomotive  was  operated.  These  speeds  in  r.p.m.  are 
printed  above  their  respective  points. 

Maximum  Power  of  Locomotive. 

191.  The  drawbar  pull  that  the  E3sd  locomotive  is  able  to 
develop  and  sustain,  is  worked  up  in  a manner  previously  de- 
scribed in  Bulletin  No.  5,  “Tests  of  an  E2a  Locomotive,”  pages 
27  to  32  inclusive.  This  method  has  been  used  in  all  tests  pre- 
viously reported.  A portion  of  the  necessary  data  is  obtained 
from  Figs.  48  and  49,  given  in  this  Bulletin. 

192.  The  relation  between  the  speed  and  drawbar  pull  is 
shown  graphically  in  Fig.  50.  The  dotted  lines  indicate  the 
drawbar  pull,  which  may  be  expected  for  cut-offs  ranging  from  20 
to  50  per  cent. 

193.  The  maximum  drawbar  pull,  represented  by  the  solid 
line  or  curve,  at  a speed  of  38.5  miles  per  hour  is  15,000  pounds, 
when  the  cut-off  is  50  per  cent,  of  the  stroke.  In  other  words, 
at  50  per  cent,  cut-off  the  capacity  of  the  boiler  will  not  be  over- 
taxed providing  the  locomotive  is  operated  at  a speed  of  38.5 
m.p.h.  or  less.  On  the  other  hand,  if  we  exceed  this  speed,  the 
cut-off  must  be  reduced  to  less  than  50  per  cent. 

194.  The  following  table  (XVIII)  illustrates  the  maximum 
calculated  drawbar  pull  for  this  locomotive  (E3sd)  for  speeds 
ranging  between  37  and  75  miles  per  hour: 
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LOCOMOTIVE : 

TYPE....4^?r4-B....- 

..ISi4 No.. 


318 


M.  P.  <79  C 

PENNSYLVANIA  RAILROAD  COMPANY 

Pnii.Ai>BLniu,  BArmou  A WAcm>«T<n>  Baelboad  Comtamt 
NoBnBBX  CUTHAl.  BaILWAT  CoarAMT 
Waax  Jbbait  * Sbaabou  Bailmad  Coktaiit 


SHEET  No.._..lPrJl.l.0.$ 


TEST  DEPARTMENT 


Bulletin  No.. 


Altoona.  Pa..* 


11-1-1913 


Fig.  48. 

STEAM  PER  INDICATED  HORSE-POWER  HOUR  AND  CUT-OFF. 

This  figure  is  used  in  calculating  the  maximum  drawbar  pull.  The  “X”  on  each  speed  line  indicates  the 

critical  cut-off  for  that  speed. 
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LOCOMOTIVE : 
TYPE_..i-fcr*L._. 

CLASS  No..;51Ji. 


M.  P.  47«C 

Pennsylvania  Railroad  Company 


NoBTMan  CtanAj.  Railwat  Coxtaht 
Wmt  Jnurr  t Bsaabobs  Bailboad  Cokpaxt 


SHEET  No — JErrU,.0.7 


TEST  DEPARTMENT 


Btaistin.  No. 


IX 


Altoona.  PA.Jl.lr!lr.I913 


Fig.  49. 

INDICATED  HORSE-POWER  AND  CUT-OFF. 

This  figure,  together  with  Fig.  48,  is  used  in  calculating  the  maximum  drawbar  pull.  The  " X " on  each  speed 
line  indicates  the  critical  cut-off  for  that  speed. 
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LCXIOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

PnUlDSLTRIA,  BAl.TniOBB  A WARHlHeTOa  Raiuioad  ConrAJfT 
' Tm”’^ <«1  a NoBTHIBB  CBMTBAI.  Ri.II.WAT  COWABT 

CCAStS  No.  ..?."?!. Wbrt  Jbbsbt  A Bbaabobb  Baii.boai>  Coctabt 

_ TEST  DEPARTMENT 

SHEET  No 

.TsfttB  Of  ..a..OlJuiis.  .B3sd...li0<>.0BiotiiTft.. 


Bolletln  No XI 

Altoona.  PaJUIL-I-ISIS 


Fig.  50. 

DRAWBAR  PULL  AND  SPEED  OF  LOCOMOTIVE. 

This  diagram  shows  the  actual  and  calculated  drawbar  pull  at  speeds  from  28  to  84  miles  per  hour- 
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TABLE  XVIII. 

Atlantic  Type  Locomotive,  Class  E3sd,  No.  318. 


Speed  in 

Cut-off 

in 

Per  Cent, 
of 

Stroke 

Steam 

per 

i.h.p.hour 

Pounds 

Maxi- 

mum 

Cylinder 

Horse 

Power 

Total 

Steam 

Per 

Hour 

Pounds 

Average 

Machine 

Friction 

in 

d.h.p. 

Poimds 

Estimat- 

ed 

Maxi- 

mum 

Drawbar 

Pull 

Pounds 

Actual 

Maxi- 

mum 

Drawbar 

PuU 

Pounds 

r.p.m. 

m.p.h. 

1 

2 

3 

1 

4 

5 

6 

7 

8 

9 

160 

37.34 

45.8 

1 

19.22  ^ 

! 

1770 

34019 

1 

2105 

15235 

16300 

200 

46.68 

44.6 

18.001 

1890 

34020 1 

2103 

12642 

13300 

240 

56.02 

43.4 

17.35 

1965 

340921 

2438 

10613 

10700 

280 

65.35 

41.0 

16.90 

2015 

34053  I 

2848 

1 9022 

8500 

320 

74.69 

36.0 

16.22 

2100 

34020 

3222 

8003 

6900 

195.  The  maximum  evaporation  of  this  locomotive  was 
approximately  34,000  pounds  of  water  per  hour,  which  was 
maintained  for  one  hour’s  nm,  as  shown  in  test  3139,  Table  XIII. 

196.  Referring  to  Figs.  48  and  49,  the  critical  cut-off  is  desig- 
nated by  a cross-mark  on  each  of  the  several  curves.  The  prod- 
uct of  the  steam  consumption  (Fig.  48)  and  the  indicated  horse- 
power (Fig.  49)  for  each  critical  cut-off  will  approximate  34,000 
pounds  (the  maximum  steam  capacity)  shown  in  column  6 of 
Table  XVIII.  The  figures  under  columns  3,  4 and  5 were  like- 
wise obtained  from  Figs.  48  and  49. 

197.  Figures  under  column  7 represent  the  average  frictional 
drawbar  pull  in  pounds,  assumed  as  the  average  for  the  whole 
series  of  tests  given  in  Table  XIX,  column  397.  This  frictional 
loss  amounts  to  2541  pounds. 

Column  8,  the  estimated  maximum  drawbar  pull  in  pounds 
for  each  speed,  is  obtained  by  the  formula: 

WX375 

S 

Where  P = maximum  drawbar  pull  in  pounds. 

W = maximum  indicated  horse-power. 

S ==  speed  in  miles  per  hour. 

F = average  frictional  drawbar  pull. 
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198.  Fig.  51  is  presented  to  illustrate  graphically  the  draw- 
bar pull  throughout  the  speed  range  of  this  locomotive.  There 
is  also  plotted  on  this  sheet  the  maximum  drawbar  pull  for  the 
E2d  saturated  locomotive.  This  saturated  steam  locomotive  has 
cylinders  20^  inches  by  26  inches.  Thus  the  E3sd  and  E2d  are 
similar  in  nearly  every  respect  with  the  exception  that  the  E3sd 
is  equipped  with  a superheater,  an  arch  and  larger  cylinders, 
which  account  for  its  increased  drawbar  pull. 

199.  An  analysis  of  the  plot  shows  that  by  adding  a super- 
heater and  larger  cylinders  to  this  E2d  locomotive  we  have  in- 
creased its  drawbar  pull  approximately  38.8  per  cent,  at  50  miles 
per  hour  and  14.4  per  cent,  at  a speed  of  20  miles  per  hour  above 
the  drawbar  pull  obtained  for  the  E2d  locomotive.  The  curve 
for  the  drawbar  pull  of  the  E2d  locomotive  is  representative  of 
this  type  and  class  of  saturated  steam  locomotive. 
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Fig.  51. 

DRAWBAR  PULL  AND  LOCOMOTIVE  SPEED. 

. His  diagram  sMows  drawbar  pulls  for  the  E2d  saturated  steam  locomotive  as  cornpared  with  the  increased 
drawbar  pulls  obtained  from  the  E3sd  superheated  steam  locomotive 


no 


Steam  Consumption  per  Dynamometer  Horse-Power  Hour. 

200.  Fig.  52  shows  the  steam  consumption  per  dynamometer 
horse-power  hour,  plotted  with  the  speed  in  miles  per  hour,  and 
shows  the  gradual  increase  in  steam  consumption  as  the  speed  of 
the  locomotive  is  increased.  The  points  all  lie  in  a zone  area  as 
in  the  case  of  the  E6s  locomotive,  shown  in  Fig.  66,  Bulletin  No. 
21.  The  various  points  are  marked  according  to  their  respective 
cut-offs.  It  may  be  observed  that  there  is  no  definite  relation 
between  speed  and  cut-off. 

201.  Above  on  the  same  diagram  is  also  graphically  pre- 
sented the  steam  consumption  in  pounds  per  dynamometer 
horse-power  hour  at  various  speeds  for  the  E2d  saturated  steam 
locomotive. 

202.  The  saving  in  the  water  rate  per  dynamometer  horse- 
power hour  for  the  superheater  locomotive  above  that  of  the 
saturated  steam  locomotive  is  34  per  cent,  at  speeds  ranging  from 
30  to  55  miles  per  hour. 


Least  Back  Pressure. 

203.  The  rapid  increase  in  back  pressure  for  the  E3sd  loco- 
motive as  the  dynamometer  horse-power  is  increased  is  shown  in 
Fig.  53,  varying  from  1.7  to  12.7  pounds.  The  relation  is  very 
similar  to  that  shown  between  the  least  back  pressure  and  the 
indicated  horse-power  presented  graphically  in  Fig.  39  of  this 
Bulletin. 

204.  A comparison  with  the  curve  above  on  this  diagram 
(Fig.  53)  representing  the  E2d  saturated  steam  locomotive  simi- 
larly shows  the  greater  increase  in  the  least  back  pressure  for  the 
locomotive  using  saturated  steam  as  its  dynamometer  horse-power 
is  increased. 

205.  In  this  instance  it  will  be  observed  that  the  increase  in 
least  back  pressure  for  the  E2d  saturated  steam  locomotive  ranges 
from  79  per  cent,  at  500  d.h.p.  to  82  per  cent,  at  1150  d.h.p.  above 
that  obtained  from  the  superheated  steam  locomotive. 
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Fig.  52. 

WATER  RATE  PER  DYNAMOMETER  HORSE-POWER  HOUR  AND  SPEED. 

The  use  of  superheated  steam  on  this  E3sd  locomotive  effects  a saving  of  34  per  cent,  in  steam  for  speeds 
ranging  from  30  to  55  miles  per  hour. 
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Fig.  53. 

LEAST  BACK  PRESSURE  AND  DYNAMOMETER  HORSE-POWER. 

This  diagram  shows  the  greater  increase  in  the  least  back  pressure  of  an  E2d  locomotive  using  saturated 
steam,  compared  with  the  E3sd  superheated  steam  locomotive  throughout  the  entire  range  of  dynamometer 
horse-power. 
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Machine  Friction. 

206.  Under  the  heading  “Machine  Friction,”  there  is  given 
in  Table  XIX,  together  with  the  test  number  and  test  designation, 
the  machine  friction  expressed  in  terms  of  horse-power,  mean 
effective  pressure  in  pounds  per  square  inch,  drawbar  pull  in 
pounds,  steam  to  engines  in  pounds  per  hour,  dry  coal  fired  in 
pounds  per  hour  and  the  machine  efficiency  in  per  cent.  The 
table  is  arranged  in  order  acco-ding  to  speed  and  cut-off.  The 
cut-off  at  each  speed  is  increased  throughout  each  range  of  speed. 

207.  The  machine  friction  causes  approximately  3000  pounds 
loss  in  drawbar  pull  when  at  the  lower  speeds,  but  as  the  speed 
increases,  it  decreases  to  a minimum  loss  of  1665  pounds  at  46.68 
miles  per  hour,  and  as  the  speed  increases  from  this  point  to  74.7 
miles  per  hour  the  machine  friction  loss  also  increases  to  approxi- 
mately 3300  pounds.  The  tests  at  84  miles  per  hour  were  run  for 
a period  of  only  30  minutes  and  it  is  noticeable  that  the  machine 
friction  dropped  to  2600  pounds.  It  is  questionable  whether  2600 
pounds  may  be  considered  representative  at  84  m.p.h.  on  account 
of  the  short  duration  of  the  tests. 

Efficiency  of  Locomotive. 

208.  In  Fig.  54  is  presented  graphically  the  relation  between 
machine  efficiency  and  the  speed  of  the  locomotive  in  miles  per 
hour.  To  furnish  a more  comprehensive  idea  of  the  performance 
of  the  locomotive  in  respect  to  this  particular  feature,  curves 
representing  the  Hannover  Compound,  the  class  K29,  K2sa,  E6s, 
E6  and  E2a  locomotives  are  given. 

209.  It  is  characteristic  of  this  locomotive  as  of  the  other 
locomotives  shown,  that  the  machine  efficiency  decreases  as  the 
speed  of  the  locomotive  increases.  The  machine  efficiency  was 
85  per  cent,  at  35  m.p.h.  and  decreased  to  67  per  cent,  at  85  miles 
per  hour. 

210.  Between  the  speeds  of  30  and  35  miles  per  hour,  the 
machine  efficiency  of  the  E3sd  is  greater  than  that  of  the  E6s, 
while  at  greater  speeds  the  efficiency  of  the  former  falls  below 
that  of  the  E6s  locomotive. 

211.  The  thermal  efficiency  based  on  the  fuel  fired,  is  shown 
graphically  in  the  lower  portion  of  this  diagram.  It  is  seen  that 
the  thermal  efficiency  of  this  locomotive  is  slightly  below  that  of 
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Table  XIX. 

MACHINE  FRICTION. 

The  locomotive  friction  in  terms  of  drawbar  pull  in  pounds  averages  2541  pounds  for  the  tests  on  this  locomotive. 
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Fig.  54. 

LOCOMOTIVE  AND  MACHINE  EFFICIENCY  AT  VARIOUS  SPEEDS. 

The  machine  efficiency  for  this  locomotive  compares  favorably  with  that  of  the  other  Atlantic  type  class 
E locomotives.  The  locomotive  efficiency  equals  that  of  the  E6s  locomotive  at  speeds  between  42  and  50 
miles  per  hour. 
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the  E6s  locomotive,  except  at  speeds  ranging  from  42  to  50  miles 
per  hour,  when  the  efficiency  of  each  is  practically  equal. 

212.  The  advantages  offered  by  the  addition  of  a super- 
heater and  arch,  are  shown  when  comparing  the  curves  for  the 
E3sd  and  E2a  locomotives.  As  mentioned  previously,  the  E2a 
locomotive  used  saturated  steam  in  smaller  cylinders  and  did  not 
have  an  arch,  otherwise  it  was  similar  in  construction  aside  from 
valves  and  valve  gear. 

213.  The  study  of  these  ciu*ves  points  out  strongly  the  ad- 

vantage of  using  a high  degree  of  superheat  in  locomotive  opera- 
tion. * 

Superheat  and  Thermae  Efficiency. 

214.  Fig.  55  is  furnished  to  show  just  what  effect,  if  any, 
the  use  of  varying  degrees  of  superheat  supplied  to  the  cyUnders 
of  a locomotive  of  this  class,  had  upon  its  thermal  efficiency. 

215.  In  the  upper  portion  of  the  diagram  is  plotted  the  de- 
grees of  superheat  in  the  branch  pipe.  In  the  lower  portion  of 
the  diagram  is  similarly  plotted  the  degree  of  superheat  in  the 
exhaust.  The  area  intervening  between  the  two  curves  repre- 
sents the  amount  of  heat  utilized  by  the  locomotive.  As  shown 
before  in  Bulletins  Nos.  21  and  18,  these  curves  have  a tendency  to 
parallel  each  other.  The  difference  between  the  superheat  in 
the  live  and  exhaust  steam  is  nearly  constant.  From  an  analysis 
of  the  data  it  appears  that  whenever  there  is  an  increase  in  the 
superheat  in  the  branch  pipe,  there  is  a corresponding  increase 
in  the  exhaust  superheat,  and  further,  the  conditions  under  which 
the  tests  are  run  have  a marked  influence  on  the  thermal  effi- 
ciency, more  so,  in  fact,  than  the  temperature  of  the  superheated 
steam  admitted  to  the  cylinders. 

216.  Above  the  various  points  representing  branch  pipe 
steam  temperatures  are  printed  the  corresponding  rates  of  equiv- 
alent evaporation  per  hour  in  pounds.  At  the  maximum  rate 
or  46,078  pounds  per  horn,  the  thermal  efficiency  was  4.59  per 
cent,  while  the  highest  efficiency  or  7.08  per  cent,  was  attained 
when  the  evaporation  rate  reached  but  27,349  poimds  per  hour. 

CoAE  AND  Water  Saving. 

217.  A previous  discussion  of  the  economy  effected  in  the 
consumption  of  fuel  and  water  through  no  other  change  than 
the  apphcation  of  a superheater  to  a locomotive,  was  presented 
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Fig.  55. 

SUPERHEAT  AND  THERMAL  EFFICIENCY  OF  LOCOMOTIVE. 
The  therma'  efficiency  increases  as  the  superheat  decreases. 
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in  Bulletin  No.  21,  pages  143  to  147  inclusive,  “Tests  of  a class 
E6s  Passenger  Locomotive,”  of  the  Atlantic  Type. 

218.  The  comparison  was  made  between  an  E6  Atlantic 
type  simple  saturated  steam  locomotive  and  an  E6s  locomotive 
similar  in  every  way  with  the  exception  that  it  contained  a 
Schmidt  superheater.  The  text  referred  to  states  the  saving  to 
be  obtained  through  the  use  of  the  superheater  as  follows : 

(а)  The  saving  in  water  of  28  per  cent,  at  the  full  load 

of  the  E6  locomotive. 

(б)  A saving  in  fuel  of  30  per  cent,  assuming  the  normal 

full  load  of  the  E6  locomotive  to  be  1200  horse- 
power. 

(c)  Thus,  the  capacity  of  the  E6s  locomotive  was  in- 
creased approximately  30  per  cent,  above  that  of 
the  E6  saturated  steam  locomotive  through  the 
application  of  the  superheater. 

219.  We  are  now  able  to  make  a similar  comparison,  but 
under  more  ideal  conditions,  between  the  E3sd  and  E2d  At- 
lantic type  simple  locomotive. 

220.  When  the  E6  saturated  steam  locomotive  was  modified 
to  use  superheated  steam,  the  same  cylinder  dimensions  were  re- 
tained, as  were  originally  used  for  saturated  steam.  A just  com- 
parison illustrating  the  full  advantage  to  be  obtained  by  super- 
heating was  impossible  for  that  reason.  Theoretically  it  was 
apparent  that  to  derive  the  greatest  benefit  from  the  use  of  super- 
heated steam  the  diameter  of  the  cylinders  should  have  been 
increased.  This  fact  was  brought  out  in  the  tests  of  the  E6s 
superheated  steam  locomotive  (Bulletin  No.  21,  Par.  12  of  Con- 
clusions). 

221.  The  E2d  locomotive,  as  originally  designed  for  satu- 
rated steam,  had  cylinders  20J  inches  in  diameter.  The  E3d 
locomotive  to  which  a superheater  was  applied  has  a diameter  of 
cylinder  of  22  inches.  This  enlargement  of  the  steam  cylinders 
has  been  instrumental  in  producing  an  economy  in  the  water  and 
fuel  rate  with  the  use  of  superheated  steam  which  is  remarkable. 

222.  Both  locomotives  were  hand-fired.  As  previously 
mentioned  the  only  differences  existing  between  the  E2d  and 
E3sd  locomotives  were,  that  the  latter  had  a superheater,  an 
arch  and  a larger  cylinder  diameter. 
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223.  In  order  to  present  more  dearly  an  idea  of  the  saving 
in  steam  obtained  from  the  E3sd  superheated  steam  locomotive, 
three  curves  are  shown  in  Fig.  56.  These  illustrate  the  weight 
of  steam  used  per  dynamometer  horse-power  hotu  by  the  super- 
heated steam  locomotive,  the  saturated  steam  locomotive  and 
the  saving  in  per  cent,  by  using  superheated  steam. 

224.  The  saving  in  steam  is  seen  to  increase  rapidly  with 
the  increase  in  power.  The  economy  ranges  from  6 per  cent,  at 
500  d.h.p  to  31  per  cent,  at  1150  d.h.p.,  the  maximum  power  of 
the  E2d  saturated  steam  locomotive. 

225.  As  mentioned  previously  in  this  Bulletin  we  are  unable 
to  plot  comparative  curves  showing  the  saving  in  fuel  based  on 
the  dynamometer  horse-power  output  of  the  E2d  and  E3sd  loco- 
motives. This  is  due  to  the  fact  that  the  majority  of  tests  per- 
taining to  the  locomotive  performance  of  the  E2d  saturated 
steam  locomotive  were  of  such  short  duration  as  to  make  their 
fuel  rates  unreliable  as  a basis  of  comparison. 

226.  However,  a test  made  on  the  E2d  saturated  steam 
locomotive,  of  an  horn’s  duration,  may  be  offered  to  give  some 
idea  of  the  fuel  economy  to  be  obtained  from  the  E3sd  locomotive 
when  compared  with  the  E2d  at  its  maximum  power  output. 
This  test  was  run  at  200  r.p.m.  with  a full  throttle  and  30  per 
cent,  cut-off.  The  dynamometer  horse-power  developed  was 
1044.3.  The  fuel  consumption  per  d.h.p.  horn*  reached  5.37 
pounds.  A test  at  the  same  speed  with  full  throttle  and  35  per 
cent,  cut-off  was  made  on  the  E3sd  locomotive  for  a like  period. 
The  dynamometer  horse-power  obtained  was  1339.6,  and  the 
fuel  consumption  per  d.h.p.  was  2.73  pounds.  There  is  thus  a 
saving  of  48.4  per  cent,  in  fuel. 

227.  At  120  r.p.m.  and  30  per  cent,  cut-off  a two  hour  test 
on  the  E2d  saturated  locomotive  with  a full  throttle  was  made. 
The  fuel  consumption  was  3.46  pounds  per  d.h.p.  hour.  A similar 
test  on  the  E3sd  locomotive  required  a fuel  consumption  of  3.15 
pounds  per  d.h.p.  hour,  thus  a saving  in  fuel  of  approxiihately 
10  per  cent,  was  effected  at  a low  power  test. 

228.  Thus,  we  may  state  that  the  .saving  in  fuel  for  the  E3sd 
superheater  locomotive  increases  with  the  power  output  from 
10  per  cent,  at  710  d.h.p.  to  48.4  per  cent,  at  1340  d.h.p. 
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Fig.  56. 

STEAM  PER  DYNAMOMETER  HORSE-POWER  HOUR  AND  DYNAMOMETER  HORSE-POWER 
The  economy  in  steam  obtained  by  superheating  increases  rapidly  with  the  increase  in  power. 
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229.  Assuming  the  normal  full  load  of  the  E2d,  saturated 
steam  locomotive,  to  approximate  1000  d.h.p.  it  is  seen  that  the 
application  of  a superheater  has  increased  the  power  capacity  of 
the  E3sd  locomotive  to  1550  d.h.p.  or  55  per  cent.  Thus  the 
superheater  is  a considerable  factor  in  the  designing  of  a locomo- 
tive for  high  power. 

230.  Therefore,  the  conclusions  may  be  conservatively 
drawn  that  the  superheated  steam  locomotive,  class  E3sd,  will 
effect  a saving  in  fuel  of  approximately  48  per  cent,  and  a saving 
in  water  of  31  per  cent.,  based  on  the  consumption  of  the  E2d 
saturated  steam  locomotive  at  its  maximum  capacity. 

23 ! . The  application  of  a superheater  increased  the  maximum 
capacity  of  the  E6s  superheated  steam  locomotive  30  per  cent,  over 
the  E6  saturated  steam  locomotive  (Bulletin  No.  21,  Par.  178). 
In  the  case  of  the  E3sd  locomotive  the  increase  was  55  per  cent, 
or  more.  The  greater  increase  in  dynamometer  horse-power  is 
no  doubt  largely  due  to  the  fact  of  an  increase  in  the  diameter 
of  the  cylinders  on  the  E3sd  superheater  locomotive,  as  com- 
pared with  the  E2d  saturated  steam  locomotive. 

232.  It  may  be  safely  stated  that  the  tonnage  rating  of  the 
E3sd  superheater  locomotive  may  be  increased  30  per  cent, 
above  that  of  the  E2d  saturated  steam  locomotive,  when  low 
speeds  approximating  28  m.p.h.  and  the  starting  of  trains  are 
not  factors  of  prime  importance.  There  seems  no  question  but 
what  the  increased  economy  in  fuel  and  water  of  the  locomotive 
justifies  this  increase  in  the  tonnage  rating. 

233.  Referring  to  Fig.  51  it  is  also  observed  that  much 
higher  speeds  may  be  maintained  with  the  E3sd  superheated 
steam  locomotive  than  with  the  E2d  saturated  steam  locomotive 
when  hauling  trains  of  hke  tonnage. 
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CONCLUSIONS. 


Boiler. 

1 . It  is  apparent  from  a study  of  these  tests  that  the  boiler 
design  of  this  locomotive  has  fulfilled  the  necessary  requirements. 
The  very  favorable  grate  performance  obtained  indicates  a well 
proportioned  firebox  and  a proper  supply  of  air.  Data  has  also 
been  presented  which  indicate  that  the  2-inch  tubes  (180  inches 
long)  are  of  the  most  advantageous  length  to  absorb  heat  without 
impairing  either  the  combustion  or  evaporation  rates  (Par.  109). 

2.  The  brick  arch  plays  an  important  part  in  reducing  the 
amount  of  smoke.  It  enables  a considerable  portion  of  it  to  be 
burned  (Par.  57). 

3.  As  the  maximum  combustion  rate  in  ordinary  road  ser- 
vice would  not  greatly  exceed  5000  pounds  of  coal  per  hour,  the 
application  of  a stoker  to  the  firebox  of  this  locomotive  would  not 
seem  warranted. 

4.  The  ashpan  air  inlets  of  the  locomotive  have  an  area  equal 
to  12  per  cent,  of  the  grate,  and  the  indications  are  that  this  open- 
ing is  not  sufficient.  In  the  case  of  the  E6s  locomotive,  an  area 
of  14  per  cent,  was  found  large  enough  (Bulletin  No.  21,  Par.  31). 


Locomotive. 

5.  The  use  of  highly  superheated  steam  at  205  pounds  boiler 
pressure,  brought  about  an  economy  in  steam  of  approximately 
34  per  cent.  (Par.  138),  and  the  superheater  together  with  an  arch 
show  a saving  in  coal  increasing  from  10  to  48  per  cent.,  with  the 
power  output.  Characteristic  of  superheater  locomotives  the 
tendency  is  to  keep  the  coal  consumption  per  dynamometer  horse- 
power hour  under  4 pounds.  This  locomotive  is  most  economical 
in  fuel  consumption  when  running  at  speeds  under  60  m.p.h, 
(Fig.  46). 
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6.  Comparing  the  water  rate  for  this  E3sd  locomotive  with 
other  locomotives  tested  on  the  Plant,  we  find  that  this  simple 
locomotive  with  its  large  cylinders  and  highly  superheated  steam 
outstrips  all  other  locomotives  at  piston  speeds  up  to  1400  feet 
per  minute,  with  the  exception  of  the  Hannover  Compound  using 
a medium  degree  of  superheat.  At  piston  speeds  above  1400  feet 
per  minute  its  performance  is  not  quite  equal  to  that  of  the  K2sa 
simple  superheated  steam  locomotive  of  the  Pacific  type  (Fig.  47). 

7.  A comparison  with  the  E2d  saturated  steam  locomotive 
shows  that  the  superheated  steam  locomotive  exhausts  with  less 
than  half  the  least  back  pressure  of  the  saturated  steam  locomotive 
(Par.  147). 

8.  A comparison  of  the  least  back  pressure  for  the  E3sd  and 
E6s  superheater  locomotives  shows  a greater  back  pressure  for  the 
E3sd  locomotive.  This  is  probably  due  to  the  design  of  the  ex- 
haust passage  in  the  cylinders  of  the  E3sd  locomotive  (Pars.  152 
to  155). 

9.  The  maximum  capacity  of  the  boiler  is  reached  at  a speed 
of  38.5  miles  per  hour  and  a cut-off  of  50  per  cent.  The  drawbar 
pull  is  then  15,000  pounds.  To  exceed  this  speed  it  is  necessary 
to  reduce  the  cut-off  below  50  per  cent.  (Par.  193). 

10.  It  was  also  found  that  with  the  application  of  a super- 
heater, the  drawbar  pull  could  be  increased  14  per  cent,  at  20 
m.p.h.  and  39  per  cent,  at  50  m.p.h.  (Par.  199). 

1 1 . Assuming  the  normal  full  load  of  the  E2d  saturated  steam 
locomotive  to  be  1000  dynamometer  horse-power,  the  application 
of  larger  cylinders,  using  highly  superheated  steam,  increased  the 
d.h.p.  of  the  E3sd  locomotive  55  per  cent,  or  to  1550  d.h.p.  (Par, 
229). 

!2.  Higher  speeds  can  be  maintained  with  the  superheater 
locomotive  than  with  a like  saturated  steam  locomotive  when  haul- 
ing trains  of  like  tonnage. 

13.  The  tonnage  may  be  increased  30  per  cent,  when  low 
speeds  approximating  28  miles  per  hour,  and  the  starting  of  trains 
are  not  of  prime  importance.  This  is  due  to  the  application  of 
the  superheater  and  the  use  of  larger  cylinders. 
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Recommendations. 

1.  We  would  recommend  the  application  of  superheaters  to 
the  E class  locomotives  according  to  the  following  program: 

2.  The  E2,  E2a,  E3  and  E3a  classes  which  now  have  slide 
valves  and  Stephenson  valve  gear,  to  have  superheaters  applied 
when  new  cylinders  are  needed.  The  new  cylinders  to  have  piston 
valves  and  Walschaerts  valve  gear. 

3.  The  E2d  and  E3d  classes  to  have  superheater  applied  when 
they  require  the  renewal  of  the  back  tube  sheet. 

4.  All  new  cylinders  applied  to  these  locomotives  should  be 
arranged  for  12-inch  diameter  valves,  and  they  should  have  a 
cylinder  diameter  of  22  inches  so  that  all  locomotives  of  these 
older  E classes  will  become  as  nearly  as  possible  like  the  class 
E3sd. 

5.  We  recommend  that  the  ashpan  air  inlets  be  made  not  less 
than  15  per  cent,  of  the  grate  area. 


Approved : 


C.  D.  YOUNG, 

Engineer  of  Tests. 


J.  T.  WALLIS, 

General  Supt.  Motive  Power. 


Test  Department, 

Altoona,  Penna., 

January  14,  1914. 
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Tests  of  Class  E3sd  Superheated  Steam  Locomotive  No.  318. 

On  pages  127  to  136  are  shown  test  results  for  class  E3sd 
locomotive  No.  318. 
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(if.r.s.MUL)  TEST  OF  LOCOMOTIVE  No.  318  TYPE CUSS SJM. no.  loi 

1 SUMMARY  OF  AVERAGE  RESULTS,  ENGINES.  I 
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SUMMARY  Op  AVERAGE  RESULTS.  LOCOMOTIVE. 
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Tests  of  Class  E2d  Saturated  Steam  Locomotive  No.  3162. 

On  page  139  are  shown  boiler  tests  from  one  to  three  hours 
in  length. 

On  page  140  are  shown  indicated  horse-power  tests  where  the 
length  of  test  was  too  short  for  reliable  boiler  or  coal  results  and 
they  are  not  recorded. 
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GRAPHICAL  LOGS  OF  TESTS. 

A graphical  log  is  made  for  each  test  to  show 
the  conditions  at  each  ten-minute  interval,  and  to 
indicate  any  irregularity  in  the  weights  of  coal 
and  water  during  the  run. 
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;UPPER  FIGURES  R.  P.  M. 
LOWER  F IGU  R ES  APPROX  . 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
~p  Y p g;  4— 4“2 
Class 
Number 


)0  20  30  40  SO  ^ lO  20  30  40  SO  ^ 

LENGTH  OF  TEST  - MINUTES  AND  HOURS 


10  20  30  40  SO 


ESed 

318 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-ofF 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  fi( 

Coal 

Z8.0 

120 

20 

P 

8.8 

Test  No. 


3111 


Shket  No. 


P-1116 


143 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

rMiLAoELPHiA,  Baltimore  &,  Washinqton  Railroad  Compant 
Northern  Central  Railway  Company 
West  Jersey  & Seashore  Railroad  Company 

Sheet  No  P-lll?  test  department  Bulletin 

Graphical  Log  of  Locomotive  Test 
Testa  of  a Class  ISsd  Locomotive.  altoonj 


1?  9 1»12 
8*  lOW 


No 


1,1 


1-9-1913 


lUPPER  FIGURES  R.  P.  M. 
COWER  FIGUR  ES  APPROX. 
SPEED  IN  MIL.es  PER  HOUR 


locomotive 
Type  4— 4»»2 
Class  B3»d 
Number  318 


Speed 

Miles 

per 

Hour 

Revolutloas 
' per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

rtircttle 

Opening 

Full 

Pertial 

Fvaponitlon 
Pounds  of 
Water  por 
Pound  of 

Coal 

28.0 

120 

30 

F 

7.9 

Test  no. 


3112 


Sheet  No. 


P-1117 
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Sheet  No. 


P-1119 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Pmilaoelphia,  Baltimore  St  Washington  Railroad  Compant 
Northern  Central  Railwat  Company 
West  Jersey  & Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin  NO 

Graphical  Log  of  Locomotive  Test 


11 


Tests  of  a Class  ESsd  Loooxaotive. 


Altoona,  Pa..  1-16-1913 


UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type 

Class  B3sd 
Number  318 


) 40  so  I to  20  30  40  SO  ^ 20 

LENGTH  OF  TEST  MINUTES  AND  HOURS 


30  40  SO 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37,3 

160 

30 

F 

8^.- 

3121 


Sheet  No. 


P-1119 
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M.  P.  Bzperimental  D-1 

Pennsylvania  Railroad  Company 


Sheet  No. 


Wot  jcrwt  a ScAiMOM  Railkoao  Compa«t 

TEST  DEPARTMENT  BTlll«tln  NO 

Graphjcal  Log  of  locomotive  Test 

TMtt  of  a Class  E3sd  Looanu>tive. 


Altoona,  Pa..  I^H^WIS 


Locomotive 

Type 

Class  ®8d 
Number 


JO  ao  30  40  so  ^ JO  ao  30  40  so  g 

LENGTH  OF  TEST  -MINUTES  AND  HOURS 


speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37,3 

160 

35 

P 

7.9 

Test  No._.  mi 


Sheet  No. 


P-1120 


147 


Sheet  No.  P-1121 


M.  P.  SxD«rimeDta3  J>-1 

Pennsylvania  Railroad  Company 

PHIUVOCI.PM1A,  BALTHKMC  & WASHtitOTOM  RAILROM)  COHRART 
NORTHEBR  CCMTHAt.  RAILWAY  COAIAANT 

Wkst  Jersey  A,  Seashore  Railroad  Cohrary 


TEST  DEPARTMENT  Ralletin 

Graphicau  Log  of  Locomotive  Test 


1*  9 1M2 
9llOH 


NO.  11 


Tests  of  a Class  B3sd  LooonotlTO* 


Altooma.  Pa..  1-10-1915 


Sptcd 

Crt.eir 

Throttle 

Evaporatior. 

! Locomotive 

1 

In 

Revolutlona 

Per  Cent., 

H.  P. 

Opening 

Peunds  of 

Miles 

per 

Full 

Water  per 

: Type  4-4**$ 

per 

Hovr 

Minute 

Cylinders 

Partial 

Pound  of 

Coal 

' Cl_ASS  Bsd 

' Number  316 

f7.5 

160 

45 

P 

6*0 

L... 


Test  No. 


Sheet  No.  F-11^._ 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


Sheet  No 


P-1123 


We«t  Jebset  <1  Seashobe  Bailboao  Company 

TEST  DEPARTMENT  BulletinNO 

Graphical  Log  of  Locomotive  test 

Tests  of  a Class  E3sd  Loooniotive 


11 


Altoona.  Pa  1-24-1913 


:::UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 


I 10  20  30  AO  SO  2 

OF  TEST  MINUTES  AND  HOURS 


20  30  40  50 


Type 


4-4-2 


Class  S3s4 
Number 


Spttii 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

46.7 

200 

20 

P 

7.7 

Sheet  No. 


3136 


P-1123 
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M.  P.  ftKpeiiinental  D-l  • ifi2 

Pennsylvania  Railroad  Company 

PHILADCLPHIA,  BALTKKMK  & WAtMNMTM  RASJIOAO  COMTAMr 

1 NORTHCAN  CCMTIIAL  RAH.WAT  COWAIIT 

War  JiRWT  A SCASMom  Rarjmmd  CoarAHT 

Sheet  No.  P-1124  tfst  department  ftilletin  no 

Graphical  Log  of  Locomotive  Test 

Satta  of  a Claae  ESad  LoooootiTa.  altoona.  pa.  1*11-1919 
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AU^PCR  FIOURES  R.  P.  M. 
UOWEM  FI4»URCS  APPROX. 
SPEED  IN  MII.es  PER  HOUR 

3 20  a 

r 

ro 

LI 

40  SO 

ENGT»- 

1 1 10  20  30  40  60  2 

^ OF  TEST — MINUTES  AND  HOURS 

40  so 

3 

LOlCOMOTIVE 

TYPE—  4Hls2 

Spmd 

MU«* 

pw 

Ho»ir 

RtvolirtiMs  f 

pet 

SiBiite  ^ 

Cut-elf 
'et  Cent., 

H.  P. 

Cylinders 

Throttle 

Opening 

Full 

or 

Psrtisl 

Evapontlon 
PeMdsof 
Water  per 
.PeeiMl  of 

Coal 

Test  no.  5116 

CLASS-  ; 

Number 

Bad 

1 Sit 

46.7 

200 

35 

P 

6,5 
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Sheet  No.  P-1126 


M.  P.  Experimental  D-l 

Pennsylvania  Railroad  Company 

PHUAOeiPHlA.  B*ltmoiic  a WASHimroti  Rmlroao  Cokpant 
NoirrHEmi  Ccntral  Railway  Company 
Mt»1  JOIMY  a SCASHOPS  RAILNOAO  COMPANY 

TEST  DEPARTMENT  BollotlXl  NO.  11 

graphical  Log  of  Locomotive  Test 


IJ  9 '<912 
8 z 


TMts  of  a Class  E3sd  Loocnotlve. 


Altoona. 


P*  1-24-1913 


upper  fisures  r.  p.  m. 

LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 
Type  4-4-n2 
I Class  SSsd 
1 Number  318 

! 


10  20  30  40  6G  | 10  20  30  40  60  ^ 

length  of  test  -minutes  and  houAs 


O 20  30  40  50 


Sp«*u 

Milci 

P«f 

Hour 

RoYolutionj 

P*'- 

Miiutp 

Cut-off 

Per  Coot., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Purtial 

Evaporation 
Pounds  of 
Watyr  per 
Pound  of 

Coal 

46.7 

200 

36 

P 

6.9 

Test  no. 


3135 


Sheet  No. 


P-1125 
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la.  P.  SxperlinanUU  D-1 

PENNSYLVANIA  RAILROAD  COMPANY 


i*  » i»i* 
1 X lAH 


Sheet  No  P-1126 

T«6t8  of  a Clasa  SSad  LoooBU)tlT«« 


West  Jcrsct  & SusHom  RaiukmiX)  CoMWunr 

TEST  DEPARTMENT  Bulletin 

Graphical.  Log  of  Locomotive  Test 


NO.  11 


Altoona.  Pa.  1-24-1919 


UPPER  FIGURES  R.  P.  M. 
UOWER  FIGURES  APPROX. 
SPEED  IN  MIUES  PER  HOUR 


Locomotive 

Type  "2 

Class  BSed 
Number  *11 


Spe«d 

in 

Mile) 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H,  P. 
Cjrlinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

46.7 

200 

35 

P 

5.7 

3194 


Test  no._^ 


Sheet  no P~1196 
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Sheet  No.  P-1127 


M.  P.  Bxp«rlin*ntal  D-l 

Pennsylvania  Railroad  Company 

PHKJUICLPHU,  BM.T)I>0NC  a WASHIHSTON  RAILnOAO  COMPAMT 
NonTMOM  Cemtaal  Railway  Compaky 
WlSY  JERSEY  & SCASMODE  RAIUtOAO  COMPANY 

TEST  DEPARTMENT  Bolletla 

Graphicau  Log  of  locomotive  Test 


M i i»tt 

s » T«H 


NO.  11 


Tests  of  a Class  SSsd  Loom)tlTe, 


Altoona,  Pa..  1-18^.1915 


4SUPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN. MILES  PER  HOUR 


Locomotive 
TYPE  'ft-d-Rg 
Class 

Number  _?1.® 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Utrottlo 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  par 
Pound  of 

Coal 

46.7 

200 

45 

P 

6*9 

5124 


Sheet  No. _J'rllJ^_ 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


_ii  » iw* 


a WAtHIKaTON 
CCNTRAl.  RAU-WAT  • 

WMT  jEWCr  a SlAtHOW,  RAILROAD  COM 


Sheet  No 


P-1128 


TEST  DEPARTMENT  Bulletin  NO.  H 

Graphicau  Log  of  locomotive  Test 

Tests  of  a Class  E3sd  Locomotive.  1-12L191S 


SUPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type_.jM^*  __ 
CUASS___ 
Number  818 


) 40  so  I lO  so  30  40  BO  2 

UENGTH  of  TEST — MINUTES  AND  HOURS 


Spwd 

t« 

Miles 

per 

Hour 

Revohitloiis 

per 

Mieute 

Cul-eff 

Per  Cent., 

H.  P. 
Cylinden 

TlirotHe 

Opening 

Pull 

or 

Partlsl 

Evaporation 
Pounds  of 
Wider  per 
Pound  tf 

Coal 

56.0 

240 

20 

P 

Test  No._ 


5117 


Sheet  No.. 
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M.  P.  Experimental  D-1  U j ij,i2 

Pennsylvania  Railroad  Company  ~rrm- 

PHiukOELPHi*.  Baltimore  & Washinotoh  Railroad  Compant 

Northern  Central  Railway  Company 

We»t  Jersey  a Seashore  Railroad  Company 

Sheet  No  P*-1129  test  department  BnllatixMo  11 

Graphical  Log  of  Locomotive  Test 

of  ^ SSsd  LOCOBK)tiT6«  AirncMA  Pa  4~13m>191S 
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❖ UPPER  FIGURES  R.  P.  M.  L. 

LOWER  FIGUR  ES  APPROX. 

SPEED  IN  MILES  PER  HOUR 

Locomotive 

Type  4m-4-« 

40  SO  1 lO  20  30  40  SO  ^ ^ 

ENGTH  OF  TEST — MINUTES  AND  HOURS 

Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P, 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

Test  Nc 

5116 

Class J 

Numbep 

USmA 

1 518 

56«0 

240 

55 

P 

6.5 

HEET  No.  P-1129 

S 
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M.  P.  BxparlmenT-al  D-1 

Pennsylvania  Railroad  Company 

PHItAOCCFMKk,  BALTIMORC  A WASHINOTON  RAILROAO  COMPANY 

Nonthcrw  Ccntral  Railway  Company 

WttT  JfNBTY  dk  SCASHORC  RAILROAD  COMPANY 


12  1»»12 
1 1 ipH 


Sheet  No.  P-1130  test  department  Bulletin  no  H 

Graphical  Log  of  l_ocomotive  Test 
Testa  of  a Class  E3sd  Looonwtive*  altoona,  pa  1-8-1913 


❖ UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4'4-2 
Class  sSsd 


30  40  SO  I 

LENGTH  OF  TEST 


20  30  40  60  2 lO  20 

MINUTES  AND  HOURS 


Number  318 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Pull 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

56.0 

240 

45 

P 

6*0 

Test  No.  51Qt 


Sheet  No. 


P-1130 
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M.  P.  Experimental  I>-1 

Pennsylvania  Railroad  Company 


Sheet  No.  P-1131 


PHILAMLPHm,  BALTIMOKE  4 WaSHINOTOM  RAILROAD  COMPART 
Northern  Central  Railwat  Compart 
Wert  Jersey  4 Seashore  Railroad  Company 

TEST  DEPARTMENT 


Bulletin  No. 


Graphical  Log  of  Locomotive  Test 


Tests  of  a Class  ESsd  Locomotiyes 


^Altoona,  Pa..  1-27-1913 


❖ UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUf 


Locomotive 

Type 

Class  SSsd 


40  SO  I 10 

LENGTH  OF  TEST 


30  40  50  2 

INUTES  AND  HOURS 


Number 


318 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 

Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

56.0 

240 

45 

F 

5.6 

Test  No.. 


3139 


Sheet  No._- 


P-1131 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PHtLAOCLPHiA.  BALTiMORe  A.  WASHINGTON  RAILROAD  • 

Northcrn  Ccntral  Railway  Company 


Sheet  No  P-1132 


WC»I  J£R»r*  &,  SeASHORC  RAruROAD  COMPANY 

TEST  DEPARTMENT 


Ballet InNo  11 


Graphical  Log  of  Locomotive  Test 

Tests  of  a Class  BSsd  Loc(»notive. 


Altoona,  pa 


1-14-13 


UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type  4-4-2 
Class  BSsd 
Number  318 


Speed 

Miles 

1>er 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

Fartiil 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

66,4 

280 

20 

F 

7.1 

Test  No — 


3119 


Sheet  No. 


P-113* 
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M.  P.  Experimental  D-1  n 9 im 

Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  a Washington  Railroad  Compant 

Northern  Central  Railway  Compant 

West  Jersey  A,  Seashore  Railroad  Company 

Sheet  No  F-1133  test  department  Bullotin  No. 

Graphical  Log  of  Locomotive  Test 

Tests  of  a Class  ^sd  LooomotiTe*  altoona.  pa  1-16-1913 
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:h  UPPER  FIGURES  R.  P.  M. 
UOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4«4«2 
Class 


30  AO  SO  ^ lO  ao  30  40  so  2 

LENGTH  OF  TEST  MINUTES  AND  HOURS 


Number 


316 


SpMd 

!■ 

■Mm 

P«f 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

M.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

65.4 

280 

30 

P 

6,1 

Test  No ^22 


Sheet  No._ 


P-1133 
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M.  P.  Bxp6rlna«nt»l  D- 1 

12  » ll>12 

Pennsylvania  Railroad  Company 

l>HIL*OCLPMIA,  BALTIMOIW  lb  WAtHINdTON  RAILnOAO  COMPANT 

NOUTHtlW  CCHTAAL  fUlLWAT  COMPANr 

WMT  JCRSEV  A SCASHOM  RAHnOAO  COMPANY 

••ilfH 

Sheet  No.  P"1134 

TEST  DEPARTMENT  Bolletln  NO 

Graphical  Log  of  Locomotive  Test 

11 

Tosts  of  a Claet 

ESsd  LoOOmotlTe.  Altoona.  Pa 

Im.20-191.3 

SUPPER  FIOUPES  R.  P.  M. 
I.OWER  FIGURES  APPROX. 
SPEED  IN  MII.es  per  hour 


locomotive 
Type 

Class  _ 
Number  318 


^ iO  20  30  40  BO  2 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Spe«l 

in 

Milet 

per 

Hour 

Revolutioni 

por 

minute 

Cut-off 

Per  Cent, 

H.  P. 
Cylinders 

ThieWe 

Opttitng 

Foil 

or 

Portiai 

Enporotlon 
Poondt  of 
Witorpw 
Pound  of 

Coal 

65«4 

260 

35 

y 

6gS 

Test  No — SlSfi 


Sheet  No P"»3l134 
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M.  P.  Experimental  D-1 

PENNSYLVANIA  RAILROAD  COMPANY 


Sheet  No  P-1135 


Philaoeupmia,  Baltimorc  * WASHmaTOH 

NoRTHeiw  Central  Railway  Company 
West  Jersey  a Seashore  Railroad 


TEST  DEPARTMENT 


Bulletin  No 


11 


Graphical  Log  of  Locomotive  Test 
Teets  of  a Class  EBad  Locomotive.  altooha,  pa  1-20-1913 


lUPPER  FIGURES  R.  P.  M. 
LOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
TYPE  dd4«2 
Class  BSad 
Number  


Speed 

Miles 

per 

Hour 

Reesle*'  .is 
per 

Minute 

Cut -off 

Per  Ccflt., 

H.  P. 
CyUnders 

■DirotHe 

Opening 

Full 

or 

Partial 

Evaporation 
Poands  of 
Wstof  per 
Pound  of 

Coal 

74.7 

320 

20 

7 

6*5 

Test  No._ 


3126 


Sheet  No.  P~1133 


M.  P.  BxparlmeDt&l  D-1 

IJ  » IHli 

Pennsylvania  Railroad  Company 

PHtLAOSLPHIA,  BALTI.O—  & WASHINGTON  RAILROAD  COWPANV 

Northern  Central  Railway  Comrany 

Wert  Jerrcy  A.  Seashore  Railroad  Company 

► I ii  H 

Sheet  No  P-1136 

TEST  DEPARTMENT 

Bulletin  No 

11 

Graphical  Log  of  Locomotive 

Test 

Teats  of  a Class  £3sd  Locomotive. 

Altoona,  Pa 

1-.21-1913 

rfUPPEW  FIGURES  R.  P.  M 
COWER  FIGUR  E3  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4-4-2 
Cla-ss  E3sd 
Number 


Spefd 

Wiles 

per 

Hoit 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

ODenim 

Full 

or 

Psrtial 

Eyep  oration 
Pounds  of 
Wator  per 
Pound  of 

Coal 

74.*! 

320 

25 

P 

6*7 

Test  No. 


3128 


Sheet  No. 


P-1136 
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M.  P.  Experimental  D-1 

12  9 11»12 

Pennsylvania  Railroad  Company 

PHILAOCLPMI*.  SALTIMOflE  Si  WASHINGTON  RAILROAD  COMFAHT 

North  xn  Ccntral  Railway  Company 

WtST  jEBStY  A SEARMOPe  RAILROAD  COMPANY 

S z loK 

Sheet  No  P-1137 

TEST  DEPARTMENT 

Bulletin  No 

11 

Graphical  Log  of  Locomotive 

Test 

Tests  of  a Class 

E3sd  Locomotive, 

Altoona,  Pa.. 

1-21-1913 

•:UPP£n  FlOUPSS  P.  P.  M. 
UOWEQ  FIGURES  APPROX. 
SPEED  IN  MlueS  PER  HOUR 


Locomotive 
Type  ^"^2 
Class  E3gd 
Number 


LENGTH  OF  TEST— MINUTES  AND  HOURS 


Speed 

Miles 

oer 

Hour 

RcYolutions 

per 

Minute 

Cul^ilf 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

Partial 

Evaporation 
Pounds  of 

Wate.  per 

Pound  of 

Coal 

74,7 

320 

30 

P 

_5i2 

Test  No.  3127 


Sheet  No.  P—1137 
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M.  P.  Bxp«rlmentckl  I>-1 

Pennsylvania  Railroad  Company 


n 9 1H12 
9*  loH 


Philaoclphia,  BALTiMom  dk  Washihoton  Railroad 
Northiam  Cintral  Railway  Company 
Wear  JlRSEY  it  SlAtHOM 


Sheet  No.  P-1138 

Tests  of  a Class  E3sd  Loccnootive, 


TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


No 


11 


_ ALTOONA.  Pa  1-27—1913 


UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

TYPE  4-4^ 
Class 


Number 


£3sd 

318 


Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

83«< 

360 

25 

P 

5,3 

Test  No. 


3142 


Sheet  No. 


P-1138 
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M.  P.  Bxpsiimental  D-l 

Pennsylvania  Railroad  Company 


Sheet  No 


P-11S9 


PhiLAOELPHIA,  BalTIMOU  a WASHtNOTON  RaiLROAO 
Northern  Ccntrai.  Hailwat  Company 
West  Jersey  A Scasmow  Railroad  Company 


TEST  DEPARTMENT 

Graphical  Log  of  Locomotive 


Bulletin  No 

Test 


11 


Tests  of  a Class  E3sd  Locomotive. 


Altoona,  Pa  1-28-1913 
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Hour 
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per 

Minute 
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Evaporation 
Pounds  of 
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THE  H6b  CLASS  LOCOMOTIVE. 

The  type  of  locomotive  used  in  the  Bank  and  Level  Fire  tests. 
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LOCOMOTIVE’ TESTING  PLANT. 

BANK  VERSUS  LEVEL  FIRING 

Two  methods  of  Locomotive  Firing  and  the  results  from  a 
competitive  trial  under  Test  Plant  conditions. 


Conclusions  and  Recommendations  on  pages  19  and  20. 


INTRODUCTION. 

1 . This  series  of  trials  of  level  and  of  bank  fires  in  a locomo- 
tive has  resulted  in  a general  conclusion  that  the  best  practice  in 
firing  is  to  keep  the  fire  level  and  bright,  and  at  the  same  time  as 
thin  as  is  possible,  in  order  to  carry  the  load  upon  the  boiler. 

2.  There  are,  on  the  Pennsylvania  Lines  both  East  and  West, 
nearly  two  thousand  consolidation  locomotives  of  the  H6b  class. 
They  have  a wide  firebox  and  a nearly  level  grate.  The  bitumin- 
ous coal  burned  in  them  is  from  over  one  hundred  mines,  for  the 
most  part  in  Pennsylvania,  but  extending  all  the  way  to  the  Illinois 
fields.  It  is  to  be  expected,  with  this  diversity  of  coals  and  the  large 
number  of  men  who  fire  these  locomotives,  that  differences  in 
method  of  firing  will  occur.  Firemen  are  instructed,  by  the  road 
foreman,  to  fire  by  the  level  fire  method,  and  this  method  is  in 
general  use.  It  consists  in  maintaining  a fire  of  uniform  thickness 
over  the  whole  grate,  feeding  coal  to  all  parts  in  small  quantities 
so  as  to  have  a bright  fire  over  the  whole  surface  and  one  that  is 
just  thick  enough  to  carry  the  load  upon  the  boiler. 

3.  Another  method  is  that  known  as  bank  firing,  and  consists 
in  building  up,  at  the  back  end  of  the  fire,  a bank  or  ridge  of  fuel, 
just  inside  of  the  firedoor.  This  ridge  of  fuel  when  built  up  to 
its  full  height,  has  its  top  at  about  the  level  of  the  top  of  the  fire- 
door.  Coal  is  fired  over  the  top  of  this  bank  and  slides  down  the 
incline  toward  the  front  of  the  firebox,  being  assisted  by  the  slope 
of  the  grate.  It  is  distributed  along  the  apex  of  the  ridge  or  bank 
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and  allowed  to  find  its  way  down  to  the  level  portion  of  the  fire  at 
the  front  end  of  the  grate.  The  fuel  bed  under  these  conditions 
is  not  all  burning  at  the  same  rate  but  the  thick  portion  or  bank  is 
cooler,  the  more  intense  fire  being  at  the  forward  end  of  the  firebox 
where  the  fuel  bed  is  thin. 

4.  The  claims  of  superiority  for  this  method  over  level  firing 
are : The  fuel  being  heaped  up  at  the  rear  of  the  firebox,  is  coked, 
the  hydrocarbons  are  driven  off  slowly  and  traversing  the  whole 
length  of  the  firebox,  are  burned  with  little  smoke;  the  bank  of 
green  coal,  extending  up  over  the  door  opening,  protects  the  fire- 
man from  part  of  the  heat  that  is  radiated  from  the  fire ; the  work 
of  placing  the  fuel  is  simplified,  the  coal  being  fed  to  the  top  of 
the  bank  at  a point  near  the  firedoor  instead  of  being  distributed 
over  the  whole  grate  surface.  These  advantages,  if  real,  ought  to 
be  capable  of  demonstration  by  trial,  and  in  order  to  make  a com- 
parison of  bank  firing  with  level  firing  a series  of  tests  have  been 
made  at  the  Locomotive  Testing  Plant. 


Firemen. 

5.  The  firemen  for  the  tests  were  selected  from  men  skilled 
in  the  use  of  these  two  methods  of  firing.  Two  of  them  were  strong 
advocates  of  the  bank  fire  and  had  been  firing  according  to  this 
method  in  their  regular  road  work  on  the  Lines  West.  Two  men 
were  from  the  divisions  where  bank  firing  was  practiced  on  the 
Lines  West,  but  they  believed  in  and  practiced  level  firing.  In 
addition,  there  were  two  Test  Plant  firemen  who  were  from  the 
Lines  East  and  had  become  expert  in  firing  by  the  level  fire  method. 
A level  fire  fireman  from  the  Lines  East  also  assisted  in  the  trial. 
These  firemen  will  be  designated  as  follows : 


Bl,  Advocate  of  bank  firing.  Lines  West. 


B2, 

« 

a 

u u 

u 

u 

LI, 

u 

u 

level  “ 

(( 

u 

L2, 

ii 

u 

U 

({ 

u 

L3, 

u 

u 

u u 

u 

u 

Tl,  Test  Plant  fireman  level  fire. 

R,  Road  fireman  level  fire  Lines  East. 
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The  Locomotive. 

6.  The  tests  were  made  with  an  H6b  class  locomotive  2860. 
A drawing  of  this  locomotive  is  shown  in  Fig.  1.  Table  3 gives  the 
principal  dimensions.  There  was  no  arch  in  the  firebox.  The 
grate  is  long  and  wide  (8  feet  10 J inches  long  and  5 feet  6 inches 
wide)  and  nearly  level. 

7.  There  are  drop  grates  at  the  front  and  rear,  with  18  sec- 
tions of  shaking  grate  bars  between.  The  grate  area  is  48.66 
square  feet.  The  air  openings  through  the  grate  have  a total 
area  of  17.6  square  feet  or  36.4  per  cent,  of  the  grate. 

The  Coal. 

8.  The  coal  used  was  of  two  kinds.  In  the  first  three  tests, 
Nos.  1275  to  1277,  coal  from  the  Pennsylvania  and  Northwestern 
region  in  Pennsylvania  was  used.  This  is  a high  carbon  bituminous 
coal,  with  little  ash,  and  will  be  designated  as  Eureka  No.  6.  It  is 
fairly  representative  of  the  coal  used  on  the  Lines  East,  in  the  H6b 
locomotive. 

9.  For  the  remaining  tests,  coal  from  the  Pittsburgh  Coal 
Company  was  used.  This  is  known  as  No.  8 Pittsburgh  Steam 
Coal.  It  is  a high  volatile  coal  with  a rather  high  amount  of  ash. 
This  coal  is  used  on  the  Lines  West. 

An  analysis  of  each  coal  shows  the  following: 

Pittsburgh 
Eureka**  No. 6”  CoaJCo. 


Fixed  carbon,  per  cent. 

60.10 

48.17 

Volatile  combustible,  per  cent. 

30.36 

36.37 

Moisture,  per  cent. 

0.74 

2.04 

Ash,  per  cent. 

8.80 

13.42 

100.00% 

100.00% 

Sulphur  determined  separately, 

2.08 

3.18 

Calorific  value,  B.  t.  u.  per  pound  dry,  13743 

12364 

The  Level  Fire. 

10.  The  methods  used  in  firing  the  level  fire  were  much  the 
same  in  the  case  of  each  of  the  level  fire  firemen.  The  coal  was 
broken  rather  fine,  to  two  inches  in  thickness  or  less,  and  was  fired 
in  single  shovelfuls  or  at  a uniform  rate.  Fig.  2 shows  the 
probable  appearance  of  a section  of  the  level  fire  on  the  grate. 
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THE  LEADING  DIMENSIONS  OF  THE  “H6b” 
LOCOMOTIVE  ARE  AS  FOLLOWS: 


Total  weight,  pounds 198,267 

Weight  on  drivers,  pounds. 176,600 

Cylinders  (simple),  inches... 22x28 

Diameter  of  drivers,  inches 56 

Firebox  heating  surface,  square  feet.... 166.4 

Heating  surface  in  tubes  (water  side),  square  feet 2673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet 2839.74 

Total  heating  surface  (based  on  fire  side  of  tubes),  square 

feet.. . 2505.29 

Grate  area,  square  feet... 48.66 

Boiler  pressure,  pounds 205 

Valves.. American,  Stayman  and  “L”  type 

Valve  motion Walschaerts 

Firebox,  type Belpaire 

Number  of  tubes 373 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 164.28 


The  maximum  tractive  effort  is  39,773  pounds,  which  is  cal- 
culated on  the  assumption  that  80  per  cent,  of  the  boiler  pressure 
(205  pounds)  is  available  as  mean  effective  pressure  at  starting. 
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Fig.  2. 

LEVEL  FIRE. 

A plan  of  the  grate  and  a longitudinal  section  are  shown. 
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The  Bank  Fire. 

1 1 .  The  bank-fire  fireman  did  not  follow  strictly  the  method 
of  firing  the  bank  fire  as  given  above.  A low  bank,  as  shown  in 
Fig.  3,  was  built  up,  but  with  the  exception  of  test  No.  1278,  the  bank 
served  only  as  a partial  protection  from  the  heat  and  glare  of  the 
fire,  the  coal  being  fired  in  small  quantities  and  uniformly  over  the 
entire  grate,  except  over  the  bank.  The  bank  top  was  about  18  inches 
inside  of  the  firedoor,  and  with  the  bank  so  low  that  on  this  prac- 
tically level  grate  it  is  evident  the  coal  would  not  slide  by  gravity 
to  the  front  of  the  firebox.  In  test  No.  1278  an  attempt  was  made  to 
fire  by  placing  all  of  the  coal  on  the  top  of  the  bank.  The  top  of 
the  bank  in  this  case  was  about  feet  inside  of  the  firedoor  and 
the  fire  at  the  front  of  the  firebox  was  very  thin. 


The  Tests. 

12.  The  tests  were  made  at  speeds  of  80  revolutions  per 
minute,  about  13  miles  per  hour,  and  at  100  revolutions,  about 
17  miles  per  hour,  with  wide  open  throttle  and  were  two  and 
one-half  hours  long,  except  in  two  cases. 

13.  In  bank-fire  tests  Nos.  1277  and  1278  the  same  man  fired 
throughout,  but  in  the  other  bank-fire  tests  the  fire  was  prepared 
by  the  Test  Plant  fireman  and,  at  the  instant  of  starting  the  test, 
turned  over  to  the  bank  fireman  to  build  up  the  bank  and 
continue  firing  to  the  end  of  the  test.  Just  before  the  end  of 
these  later  bank-fire  tests  the  bank  was  allowed  to  bum  down. 
This  was  done  iu  order,  and  in  a way  to  make  sure  that  the 
condition  of  the  fire  would  be  the  same  at  the  end  of  the  test  as  at 
the  start,  so  that  the  coal  supply  could  be  accurately  weighed. 
The  bank  would  be  burned  out  in  less  than  seven  minutes.  All 
of  the  firing,  both  level  and  bank,  was  continuous,  small  quantities 
being  fired  at  one  time  and  the  coal  was  broken  down  before 
firing. 

14.  In  Tables  1 and  2 a summary  of  the  results  of  the  tests 
is  given.  The  tests  in  Table  1 were  mn  at  a speed  equivalent 
to  about  13  miles  per  hour  and  a cut-off  of  40  per  cent.,  giving 
an  evaporation  of  about  11  pounds  of  water  per  square  foot  of 
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Fig.  3. 

BANK  FIRE. 

A high  bank  was  used  in  one  test  (No.  1278).  The  other  bank  fire  tests  were  made  with  a lower  and  smaller 
bank,  and  part  of  the  fire  was  level. 
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P.  47e-A 

8x  lOH 

LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

TYPe  Philadelphia.  Baltimore  k Washihgton  Railroad  Compamt 

1 Th't  Northern  Central  Railway  Company 

CLASS  Mr>  286Q  West  JERSEY  & Seashore  Railroad  Company 

8C1  4-29-13 

Sheet  No. 

TEST  DEPARTMENT 

Baiievin  no.  is 

Banh: 

Versus  Level  Firing 

Ai  TnoKiA  Pm  11-«22m1912 

TABLE  1 

EVAPORATION  AND  SMOKE 

WEST  EUREKA 

N0.6  COAL 

Boiler 

Equivalent  Evaporation 
From  and  at  21Z*^7» 

Relative 

Evap.ln 

Carbon 

Smoke 

Test 

Number 

Miles 

per 

Hour 

Cut 

Off 

tlirct- 

tie. 

Pre  s- 

sure 

Avg. 

Per  Sq.Pt, 
Heat  Sxirf, 
Per  Hoiir 

Per  Pound 
of  Dry 
Coal 

per  cent 
Best  Evap. 
equalalOO^ 

Monoxide 
in  Gases 
Average 

in 

percent 

Average 

Kind 

of 

Fire 

1 

2 

3 

4 

5 

6 

7 

1276 

13 

40 

Pull 

197,4 

10.84 

8.33 

91,8 

0.355^ 

28 

Level 

1275 

n 

ft 

201.6 

11.36 

9.07 

100,0 

0.60 

36 

m 

Arerape 

95,9 

1277 

ft 

n 

202,0 

11.07 

9.04 

99,7 

0.95 

28 

Bank 

Average 

99.7 

PITTSBURGH  COAL  COMPANY 

COAL 

1285 

13 

40 

Pull 

202,3 

10.88 

8.66 

91.9 

0.10 

24 

Lovd 

1288 

ft 

If 

201,0 

10.86 

9,17 

97,0 

— 

32 

ft 

1284 

11 

ft 

203,3 

11.08 

9.18 

97.1 

— 

26 

m 

Average 

95*3 

1286 

M 

ft 

n 

203,3 

11.09 

8.66 

91.6 

0.36 

28 

Bank 

1287 

« 

ft 

n 

202,9 

11.04 

9.45 

100,0 

0.10 

24 

m 

Average 

95.8 

Sheet  No. 

Table  1. 

EVAPORATION  AND  SMOKE. 

The  tests  in  this  table  were  made  at  13  miles  per  hour. 

Column  4 shows  a comparison  based  upon  evaporation  per  pound  of  coal. 
From  this  standpoint  the  bank  fire  is  the  best. 


13 


M.  F.  470-A 

8 X lOVi 

LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

XVOF  o Q A PlIILADStPHlA.  BaLTIMORB  k WASHINGTON  RAILROAD  COMPANY 

TYPE  .mHmrU Northbrn  Crntral  Railway  Company 

CLASS  H61)  No. ..28.6.0..-  Wbsy  Jbrscy  & Seashore  Railroad  Company 

3C1  «-28-12 

Sheet  No.JPHktt 

Bcaik  Versus  level  Firiluc 

aaiieiui  ino.._ 

Altoona.  Pa.. 

TABU?  2 

EVAPORATION  AND  SMOKE 

PITTaBDRGH  COAL  COiiPANY  COil. 

Boiler 

Equivalent  Evaporation 
From  and  at  212 op. 

Relative 

Evep.ln 

Carbon 

Smoke 

Test 

number 

Uilee 

per 

Hour 

Cut 

Off 

throt- 

tle. 

Pres- 

sure 

Avg. 

Per  Sq.Pt, 
Heat  Stirf, 
Per  Hour 

Per  Potmd 
of  Dry 
Coal 

per  cent 
Best  Evap. 
equal  slOO^? 

Monoxide 
In  Gases 
Average 

in 

percent 

Average 

Kind 

of 

Fire 

1 

2 

3 

4 

5 

6 

7 

1279 

17 

45 

Pull 

197.7 

14.89 

7,35 

83,2^ 

l.OSjg 

48 

Level 

1283 

r» 

M 

199,7 

14.65 

7,72 

87,4 

1.30 

42 

If 

1289 

w 

If 

II 

200,3 

14.59 

8,07 

91.4 

0.15 

30 

H 

1290 

Hy 

It 

It 

198.4 

14,59 

8.14 

92.2 

0,35 

38 

If 

1293 

It 

tl 

M 

197.3 

14.29 

8.53 

96.6 

0.80 

34 

.11 

1281 

•1 

H 

It 

202.0 

16.07 

8.57 

97,1 

0,45 

40 

tl 

Averagi 

91.3 

1278 

tl 

tl 

tl 

193.S 

14.21 

6.89 

•78,0 

0.30 

52 

Bank 

1292 

t| 

91 

19 

198,7 

14.66^ 

7.82 

88.6 

0.85 

42 

If 

U82 

« 

II 

If 

200.5 

14.68 

7.99 

90.5 

0,70 

46 

If 

1280 

11 

H 

W 

201.8 

15.07 

8.16 

92.4 

0,45 

50 

N 

1291 

n 

H 

200.5 

14.51 

6.63 

100.0 

0,00 

26 

If 

Average 

89,9 

Average 

^ 92.8 

* 

3«l/2  Foot  Bank;  the  other  teste  are  with  an  1-l/Z  Foot  Bank, 

» 

^ Qaltting  Test  1278  ehleh  has  an  ezeeseively  high  bank* 

Smpft  No. 

Table  2. 

EVAPORATION  AND  SMOKE. 

These  tests  were  made  at  17  miles  per  hour.  If  test  No.  1278  (the  real  bank  fire)  is  included,  the  average 
results  for  the  bank  fire  are  low. 
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heating  surface  per  hour.  The  tests  in  Table  2 were  run  at  a 
higher  speed,  17  miles  per  hour  and  45  per  cent,  cut-off,  giving  an 
evaporation  of  between  14  and  15  pounds  of  water  per  square 
foot  of  heating  surface  per  hour. 

!5.  These  conditions  did  not  make  a very  heavy  demand 
upon  the  boiler  for  steam  with  these  coals,  as  with  the  Eureka 
No.  6 coal  we  have  obtained  in  other  tests  on  the  Plant  an  equiv- 
alent evaporation  of  16|  pounds  of  water  per  square  foot  of 
heating  surface  per  hour. 

16.  In  column  4 of  Tables  1 and  2 a comparison  is  made 
between  the  evaporation  obtained  by  the  different  firemen.  The 
highest  evaporation  for  each  group  of  tests  is  taken  at  lOQ  per 
cent. 

17.  Considerable  differences  are  shown  between  the  level 
fire  firemen.  It  is  very  clear  too,  that  the  second  test  made  by 
some  of  the  men  shows  a very  decided  improvement  over  the 
first  trial  on  the  Test  Plant. 

18.  In  the  case  of  fireman  Bl,  with  a bank  fire,  in  test  No.  1278, 
an  evaporation  of  6.89  pounds  per  pound  of  coal  is  shown,  while 
on  the  next  test.  No.  1282,  made  by  the  same  fireman,  an  evapora- 
tion of  7.99  pounds  was  obtained,  an  increase  of  about  14  per 
cent,  and  a saving  of  961  pounds  of  coal  in  the  second  test.  This 
would  be  a saving  of  about  2800  pounds  over  a 100  mile  division. 

Temperature  Near  Firedoor. 

19.  At  a point  near  the  firedoor  a thermometer  was  sus- 
pended and  observations  of  the  temperature  were  made  for  each 
kind  of  firing,  with  the  following  results : 

In  test  No.  1283,  level  fire,  the  temperature  was  117°  F. 
« u u ]^281  u u a ^ 114°F 

Average  116° 

In  test  No.  1282,  bank  fire,  the  temperature  was  104°  F. 
u u u 1280  ^ 94°  F 

Average  99  °' 

There  is  here  an  average  difference  of  17  degrees  between  the 
bank  and  level  fire. 
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Evaporation  Per  Pound  of  Coal. 

20.  On  diagrams  Fig.  4 and  Fig.  5 the  results  of  the  tests  are 
plotted  to  show  the  evaporation  per  pound  of  coal. 

21.  In  the  tests  at  100  revolutions  per  minute  the  range  of 
coal  fired  per  square  foot  of  grate  is  from  85  to  over  105  pounds. 
The  best  results,  or  highest  evaporation  per  pound  of  coal,  are 
for  the  bank  fire  as  fired  by  fireman  B2.  These  tests  are  Nos.  1287 
and  1291,  and  it  will  be  noted  that  they  were  the  last  tests  fired 
by  this  fireman,  showing  that  this  fireman  improved  in  his  firing 
by  experience  at  the  Plant.  Fireman  Tl  and  T2  in  addition  to 
their  road  firing  had  had  considerable  experience  at  the  Plant, 
firing,  between  them,  seventy -five  tests,  and  the  results  of  their 
work  with  the  level  fire  are  very  close  together.  At  100  rev- 
olutions per  minute,  the  difference  in  the  evaporation  per  pound 
of  coal  between  the  tests  Nos.  1281  and  1293,  by  these  two  firemen, 
is  but  four-hundredths  of  a pound.  At  80  revolutions  per  minute, 
fireman  Tl  duplicates  his  two  tests.  Nos.  1275  and  1288,  within 
one- tenth  of  a pound. 


Smoke. 

22.  Observations  of  the  smoke  by  the  Ringelmann  method 
were  made  at  10  minute  intervals  during  each  test,  and  the  re- 
sults are  conflicting.  (See  Tables  1 and  2.)  With  Eureka  coal 
at  13  miles  per  hour  the  level  fire  shows  the  most  smoke.  At  the 
same  speed  and  Pittsburgh  coal  the  level  fire  again  shows  the 
most  smoke.  At  17  miles  per  hour  with  Pittsburgh  coal  the  bank 
fires  show  the  most  smoke. 


Gas  Analysis. 

23.  The  amoimt  of  carbon  monoxide  (CO)  in  the  smokebox 
gases  is  dependent  upon  the  completeness  of  the  combustion, , a 
large  amount  of  CO  indicating  insufficient  air  supply  and  con- 
sequent incomplete  combustion. 

24.  An  inspection  of  the  smokebox  gas  analysis  does  not 
show  any  marked  difference  between  the  two  methods  of  firing. 
The  least  quantity  of  CO  was  obtained  in  bank  fire  test  No.  1291. 

\ 


16 


. 

n 

i. 

r 

I 

r 

p_ 

r" 

r 

THT 

TIP 

T^r 

i::; 

- 

T 

TT* 

, ’ 

jiii 

fee 

>M( 

/E 

L- 

; 

PE 

:ni 

43 

w'AjNL 

i 

A 

O 

k6 

s 

IE 

lii: 

rr 

*7 

’.L 

!;:: 

! ri ; 

TV 

3 

■ 

ilai4:lph 

A-  3U.Tnv 
IIBIHEILT 

OES 

Cpr 

i 

yvi 

u.. 

9H1K 

iTON 

rxrt 

fua 

liiUti 

KT- 

ua« 

piy 

• 

E53 

:'i‘. 

IP 

£0. 

r~ 

L_ 

(SKT  . 

irse 

T--I 

mpK 

EP 

^r!qi 

MEI 

P jj*” 

lir^i 

xT" 

Jb 

Ui 

a 

i-S 

1 

aie« 

; » 

M 

» 

i 

IT* 

|SUBJ 

EC 

ss 

fe. 

L 

!▼« 

ST  nr 

}■  ■ 

- - 

At.1 

oo 

NA. 

Ba 

U 

tl£ 

r 

I. 

[I 

r 

r“ 

i 

7" 

7 

t 

;j; : 

: 

1“ 

p 

, 

*7' 

r 

1 ■ 

*p 

~T- 

. 

' 

I • 

T 

“ 

i 

' 

12 

s? 

k:; 

_9 

, 

r : 

12f 

U 

12J 

fg 

• 

..7. 

:i:; 

.4 

I 

277 

Pj? 

j 

28: 

1 ■ 

;i2£ 

k 

i 

I — 

j 

c 

j — 

1 

i-— : 

u 

r“ 

r" 

■t; 

i 

127 

r 

L_ 

[p 

fo 

aJ 

U. 

Wl 

28G 

< *v>. 

7 



_L_, 

! 

i 

! ■ 

1 • 

I::-. 

tst 

TP 

IL; : 

[■.  i\  '!  . : 

r” 

_q 

. j 

1 

P 

r.  ■ 

i ' 

L.: ; 

P 

1 

n 

■i 

Lip 

ii;; 

il_ 

• • ■ 

»•  -I 

ZJZ' 

1 * 

■: 

r~ 

I 

r^'i 

■ ■■ 

p 

.i7 

[■■::: 

n ' -I 

“ 

*!• 

■ 

HH 

, 

1 — 

r~ 

. . ! 

1 : : . : 

y 

IP 

H 

I Li 

Pp 

pi 

Ttr 

7 

■1 

: "I 

7'P 

■..1 

I ■■ 

"H 

P 

!>  ■ 

pH 

hrrrr 

IP 

trpT 

I 

- 

i 

U-i 

P 

■ ■-  1 

[Hr 

7 

fi  i 

r-ri 

_pj 

[1 

:n: 

i::: 

pi: 

7 

~ 

i 

!;■ 

■-i 

“1 

C 

) ■■ 

Lei 

rf.1 

-El 

*g 

pp 

if:; 

1 : 

_P 

■ ■; 

Ip 

HI 

b3 

*1 

*»: 

i-j 

1 p: 

pp 

::  ■!  j 

p 

■ 'j 

~ ■ 1 

I- 

Hli 

ert 

-S' — 

1 

i 

J!e 

li 

>7si^a 

p 

H"' 

HI 

""■'I 

i 

' ■'  ! 

h . I 

fc 

H ; 

i: 

57^ 

i__ 

1 

p 

f; 

»— j 

vn\ 

CT 

» 

^KiiSj 

L 

iii^ 

_J 

r — I 

[» 1 

— ^ 

_J 

|S-i 

fZ  1 

M 

ai 

I- 

P-J 

ip 

pi_ 

—4*—; 

1 

^ ; 

f 

” J 

I 

■ 

r 

I 

-ii- 

1 

* — i 
1 

r1 

> 9 I 

n — 1 

n: 

v 

>eg 

; ■ 

—\ 

i 

i 

— i 

; j 

— abf 

r<W 

i 

■ 

i 

— j 

__i 

IP 

— f 

J 

“i 

— 

" 1 

n 

— 

— 

' 

' 1 

; J 

i 

i 

5 

[j 

p-i 

1 

“P 

t 

[0_, 

Ii 

ja 

10 

>RY  C 

[Tr^ 

FeI 

rP 

oci 

R. 

LB 

s7i 

: B< 

3.  > 

3F 

Gf 

Ei^ 

3.1 

»■■ 

1 

i 

r ; 

J 

[ ! 

1 

: 

JJ 

■ !.''1 

■V 

Fig.  4. 

EVAPORATION  PER  POUI^ID  OF  COAL  AND  RATE  OF  FIRING. 

The  test  number  is  shown  for  each  point.  The  results  are  influenced  more  by  the  skill  of  the  fireman  than 
by  the  method  of  firing. 
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Fig.  5. 

EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION.  ' 

Under  the  same  conditions  of  running,  there  is  much  difference  in  the  results  with  the  different  firemen 
regardless  of  the  method  of  firing. 
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Fig.  6. 

TEMPERATURES  IN  FIREBOX  AND  IN  SMOKEBOX. 

There  is  no  apparent  difference  in  temperature  due  to  the  method  of  firing. 
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Draft  and  Thickness  of  Fire. 

25.  The  intensity  of  the  draft  at  any  speed  and  cut-off  de- 
pends upon  the  thickness  of  the  fire,  and  as  the  draft  does  not  seem 
to  have  been  affected  *by  the  method  of  firing,  we  may  assume  that 
the  average  thickness  was  the  same  in  both  the  level  and  bank 
firing.  The  reason  for  the  draft  not  being  greater  in  test  No.  1278, 
where  a thick  fire  was  carried  at  the  back  end,  is  that  the  fire  was 
very  thin  in  front  and  most  of  the  air  supply  for  the  fire  came 
through  that  portion  of  the  grate. 

Conclusions. 

26.  Of  the  two  methods  of  firing,  the  results  for  the  bank 
firing,  as  practiced  at  the  Locomotive  Test  Plant  during  these  tests, 
show  a slightly  higher  evaporation  of  water  per  pound  of  coal. 
This  is  based  on  the  results  where  a short  bank  was  used.  The 
large  bank  will  be  referred  to  later.  The  result  in  favor  of  the  bank 
firing  is  due,  possibly,  more  to  the  skill  of  the  fireman  than  to  the 
methods  used.  It  would,  therefore,  seem  safe  to  conclude  that  the 
amount  of  coal  used  with  the  low  bank  fire  and  with  the  level  fire 
are  the  same. 

27.  If,  however,  the  method  of  firing  as  practiced  by  fireman 
B1  in  test  No.  1278  is  followed,  the  results  are  much  less  satisfactory 
than  with  the  level  fire.  As  the  bank  firing  employed  in  test  No. 
1278  was  used  in  the  first  test  with  a coal  from  the  Lines  West  of 
Pittsburgh,  it  would  appear  that  the  size  of  the  bank  and  the 
method  of  firing  with  it  was  the  style  of  the  bank  fire  that  had  been 
claimed  to  be  more  economical  than  the  level  fire.  This  method 
of  bank  firing  is  undoubtedly  proved  to  be  far  from  economical 
as  compared  with  level  firing,  and  the  fact  that  fireman  Bl,  who 
formerly  advocated  this  method  of  firing,  changed  to  the  small 
form  of  bank  after  seeing  the  results,  seems  to  be  good  evidence 
that  the  large  bank,  as  first  tried,  was  in  his  estimation  not  to  be 
compared  in  economy  with  level  firing. 

28.  It  should  be  emphasized  particularly  that  in  speaking  of 
bank  firing  as  a method,  the  size  of  the  bank  which  is  to  be  em- 
ployed must  be  clearly  understood.  The  general  statement  that 
bank  firing  and  level  firing  can  be  placed  on  a par,  so  far  as  econ- 
omy in  fuel  is  concerned,  is  misleading,  unless  a description  of  the 
bank  method  of  firing  is  given. 
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29.  The  idea  of  the  larger  bank  seems  to  be  that  it  forms  some 
protection  for  the  fireman  against  the  heat  radiated  through  the 
firedoor  and  permits  the  firing  to  be  done  largely  at  the  back  end 
of  the  firebox,  the  coal  or  partly  consumed  coal  working  its  way 
forward.  It  is  this  method  of  bank  firing  which  has  been  shown 
to  be  uneconomical. 

31.  The  method  of  bank  firing  with  the  low  bank  does  not 
require  all  the  coal  to  be  fired  at  the  back  end,  but  requires  firing 
in  much  the  same  way  as  with  the  level  fire.  The  temperature 
near  the  firedoor  from  this  form  of  bank  has  been  shown  to  be  from 
10  to  23  degrees  Fahrenheit  less  than  with  the  level  fire. 

32.  These  trials  were  made  on  a single  locomotive,  one  having 
a wide  grate  and  a comparatively  shallow  firebox  or  a firebox  in 
which  the  firedoor  and  lower  tubes  are,  comparatively,  near  the 
grate.  With  a very  deep  and  narrow  firebox  the  conclusions 
probably  do  not  apply,  neither  do  they  apply  to  all  eoals.  It  is 
assumed  that  they  do  apply  to  the  great  majority  of  locomotives 
on  our  own  lines. 

33.  Unless  the  bank  is  high  it  does  not  protect  the  fireman 
from  the  heat  of  the  fire  to  any  great  extent,  and  when  it  is  high 
enough  for  this  purpose,  or  when  it  extends  above  the  top  of  the 
firedoor,  very  poor  results  are  obtained  from  the  boiler.  With  the 
bank  extending  above  the  door  opening  the  firing  must  of  necessity 
be  performed  in  a haphazard  manner,  as  the  surface  cannot  be  seen. 

Recommendations. 

34.  We  recommend  that  the  instructions  to  firemen  to  fire 
by  the  level  fire  method  be  continued  in  force  (Par.  11  and  28,  and 
Par.  5 Circular  81  A,  Bulletin  16). 


Approved : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna. 

November  15,  1912. 


C.  D.  YOUNG, 
Engineer  of  Tests. 
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Northern  Central  Railway  Company 
West  Jeraey  & Seashore  Railroad  Company 
TESX 

Average  Results  of  Locomotive  Tests 


T • I(W7 


TEST  NOS., 

1275  to  1293 


SUBJECT:  Bank  Versus  Level  Firing 


Altoona,  Pa.,  9-5-1908 


driving  Wheels 

PISTON  Rods,  Diameter 

1 

Number  of  Pairs  _ 

4 

Inches 

2 

Approx.  Diameter,  inches 

56 

74 

High  Pressure  4 _ 

164 

Engine  Truck  Wheels 

76 

Low  “ _ •• 

155 

14 

Number  . _ 

2 

Tail  rods.  Diameter, 

156 

16 

Diameter,  inches .. . 

30 

inches 

157 

Trailing  Wheels 

78 

High  Pressure _ 

•150 

16 

Diameter,  inches 

- 

80 

Low  “ ' M 

169 

Wheel  Base,  feet 

Valves 

17 

Driving  Wheel  Base 

16*25 

82 

Type  ..  _ Piston  

18 

Total  Wheel  Base 

24*84 

83 

Design  Am6r*Bal*Valve  Co« 

19 

Gage  of  Wheels . 

4*75 

84 

Per  Cent.  Balanced  100 

WEIGHT  OF  ENGINE  WITH  WATER 

85 

Type  of  Valve  MotionWalSOhaertS 

160 

AT  20.  GAGE  COCK  AND  NORMAL 

Greatest  Valve  travel 

FIRE.  POUNDS 

66 

High  Pressure,  inches  6*25  . 

161 

20 

On  T ruck  _ 

21667 

88 

Low  ' 

2 1 

“ 1st  Drivers 

46667 

Steam  lap  of  Valve 

162 

22 

• 2d  ■■ 

42683 

90 

High  Pressure,  inches  *91 

163 

23 

‘3d  * 

_47600_ 

94 

Low  “ “ 

167 

24 

‘ 4th  “ 

40850 

Exhaust  lap  of  Valve 

26 

“ 5th  “ 

— - 

96 

High  Pressure,  inches *06 

168 

26 

* Trailer* 

— 

102 

Low  “ “ 

169 

27 

Total  

198267 

Boiler 

28 

“ on  Drivers 

176600 

113 

TypeBelpaire^wide  firebox. 

171 

Cylinders 

114 

Out^ide  Diam.  1st  Ring  71*16 

Diam.  and  Stroke,  H P 

22  X 28 

Tubes 

172 

‘ “ “ L P_ 

116 

Number  373 

CLEARANCE  IN  PER  CENT.  CF  PISTON 

116 

Outside  Diam.,  inches  2 

173 

DISPLACEMENT 

Pitch  “ 2.6876 

40 

H.  P.  Right,  Head  End 

12*5 

118 

Length  Between  Tube 

174 

41 

* “ Crank  “ 

10*7 

Sheets,  inches  164*26  . 

42 

* Left,  Head  “ 

12*2 

119 

Total  Fire  Area,  sq  ft.  6*23 

43 

“ . ‘ Crank  " 

10*8 

124 

Boiler  Pressure,  pounds  2Q&_ 

44 

L.  P,  Right,  Head  “ 

Superheater 

46 

“ * Crank  “ 

126 

Number  of  Tubes ^ 

46 

‘ Left,  Head  “ 

— 

126 

Outside  Diam.  “ inches  _ . “ 

47 

• * Crank  “ 

128 

Length  of  “ “ t 

RECEIVER,  Cubic  Feet 

Firebox,  Inside,  inches 

48 

Volume  Right  Side  _ _ 

-r_ 

132 

Length  118*32 

49 

• Left  “ 

133 

Width  _ 66*04 

Steam  ports,  inches 

137 

Air  Inlets  to  Ashpan, 

60 

H.  P.  Admission,  Length  . 

3Q_ 

sq.  ft.  *>  7*66 

6 1 

‘ ‘ Width 

2 

Grates 

68 

L.  P.  " Length 

144 

Type  Rocking  Finger 

59 

‘ • Width 

145 

Grate  Area,  sq.  ft.^  46*66 

66 

H.  P.  Exhaust,  Length  Bo  Fort 

146 

Area  of  Dead  Grates  0 

67 

“ - Width  " 

91 

70 

L.  P.  “ Length 

7 1 

• * Width 

HEATING  Surface, 
Square  feet 


Of  the  Tubes,  Water  Side 

2673*68 

“ “ ‘ Fire  “ 

2339,23 

“ “ Firebox,  “ “ 

166*06 

“ “ Superh’r,  “ " 

«« 

Total,  Based  on  " 

2605*29 

of  Firebox  and 
Waterside  ofTubes 

2839.74 

Boiler  Volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COOK 


Water  Space,  cu.  ft.  349#? 

Steam  83*1 

Exhaust  nozzle 
Double  or  Single  Single 

Size,  inches 6*63 

Area, sq.  inches  24*89 

Reverse  lever 

H.  P.  Notches  Forward  of  Center  22 
L.  P,  Notches  Forward  of  Center  — 
Ratios 

Heating  Surface  tl58)  to 


Grate  Area  (145) 

51*49 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145) 

.13 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145) 

3*41 

Tube  Heating  Surface  (155) 

to  Tire  Box  Heating 

Surface  (156) 

14*09 

>USEO  IN  OALOULATIONS 


Table  3. 

DIMENSIONS  OF  CLASS  H6b  LOCOMOTIVE  2860  USED  IN  BANK  FIRE  TEST. 
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LOCOMOTIVE: 

TYPE 

CLASS  H8b 
NUMBER  2060 

SUBJECT;  Bank  Terfvs  Lovol  Firing; 


Pennsylvania  Railroad  Company 

PhiMalphis,  BaHimere  & Wathiailoa  Railroad  Compaay 
Northara  Caatral  Railway  Company 
Waal  Joraay  & Saathora  Railroad  Compaay 
TEST  DEPARTMENT 


FUEL  ilest  Eiareka 
and  PittBbare^  Coal 


Average  Results  of  Locomotive  Tests 


Altoona,  Pa.,  8-B4a-1908 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Duration 

of 

To»t, 


full  I 
PartUI 


Actual 
Cut-off 
Per  Cant, 
H.  P. 
Cyllndan 


Vethod 

of 

firing 


Ash  Pan, 
lat>-i 
of  Water 


CaJorlAc 
Value 
of  Dry 
fuel, 

B.  T.U.porLb. 


Cinders 
Collected  in 


196 


199 


268  te  271 


217 


222 


226 


246 


238 


1275 

1276 

1277 


eo-40-p 

80-40-F 

80-40-.r 

80-40-P 

80-40-F 

50.. 40-F 

50.. 40..P 
80-40-F 

1C0-4S-.F 


2.5 

2.5 

2.5 


15.56 

13.56 
13.36 


pall 


full 


tev^l 

m 

Bank 

Level 


13.30 

13.31 

13.31 

13.31 

13.31 

16,^ 

BOILER  PERFORMANCE 


LeTol 


201.6 

197.4 

202,0 

203.0 

202.8 

203.3 
202.9 

201.0 

200.3 


5.5 

3.5 
3,9 

3.5 

8.6 
8,6 
3.6 
3.5 
5,1 


0.1 

0,1 

0,1 

0.1 

0,1 

0.1 

0.1 

0.1 

0.2 


13743 

13743 

13743 

12364 

12364 

12564 

12364 

12364 

12364 


TO 

108 

126 

56 

33 

31 

23 

18 


EN6IME  PERFOBMAMCE 


TEST 

NUMBER 


Or^fuel 
Fired 
per  Hoar, 
Pouads 


Dry  Foel 
parHaar. 
Pemdsper 
8R.Ftrf 


EQUIVALENT  EVAPORATION 
PROM  ANO  AT  2120  P..  POUNDS 


Per.Hejr 

pwSd-Tt 

HaMa^ur. 


Dr]r*Faal 


Branch  Pipa, 
PaiHM^ 
pec  Sq.  In. 


Superheat 

In 

Branch 

Pipe 

Oenreei  F, 


336 


339 


340 


346 


347 


230 


1275 

U76 

1277 

1284 

1265 

1266 

1287 

1288 


3135 

3259 

3070 

3024 

3140 

3207 

2928 

2966 


64.43 

66.98 

63.09 

62.15 

64.53 

65.91 

60.18 

60.96 


23938 

22866 

2SSS4 

23306 

22879 

23309 

23223 

22828 


23449 

27162 

27743 

27749 

27265 

27787 

27670 

27202 


11.56 

10,84 

11.07 

11.06 

10.86 

11.09 

11.04 

10,86 


9,07 

8.88 

9.04 

9.16 
6,68 
8,66 

9,45 

9.17 


824,6 

787^ 

804.2 

804.3 
790.8 

605.4 
802.0 

788.5 


8.07  L059.3 


65,74 

58,54 

68,88 

71.71 

67.60 

67.66 

73,81 

71,63 

63.04 


TEST 

NUMBER 

E 

NGINE  1 

PERFORMANCE 

LOCOMOTIVE  PERFORMA 

NCE 

asBXMao; 

Dry  Steam 
te 

Enfinet. 
Pounds 
per  Hour 

ladicated 

Horse 

Power 

Dry  Fuel 

tadicatad 
Horae  ■ 
PeaarHoer, 
Peondi 

DryStaaa 

P» 

ladkatod 

Horae 

Petucr  Heir, 
Poueds 

Dnwtar 

Pelt, 

PaaiMt 

OyaaMometir 

er 

Ortiubar 

Horae 

Power 

Dry  Feel 

Dymmem. 

Horse 

PwrwHour, 

ffiadi 

Dry  Steam 
pw 

Oynanom. 

Harse 

Power  Hoar, 
Peands 

Machine 

Effclency 

of 

Lecametive, 
Per  Corn 

Therpol 

Efldency 

Locomotive, 
per  Cent, 
(Based  on  Fuell 

1 214 

379 

380 

381 

285 

383 

384 

385 

398 

309 

1276 

23648 

22279 

794.0 

4.9 

29,8 

4,7 

1276 

22679 

21521 

767,0 

4.3 

29.4 

4,4 

1277 

'23017 

22310 

796,1 

3.9 

29.0 

4,8 

1284 

22955 

22536 

802.2 

3,8 

28.6 

5,5 

1285 

22675 

22170 

790.1 

4.0 

28.6 

5,2 

1286 

22994 

22522 

802.7 

4.0 

28.7 

5,2 

1287 

22920 

22192 

790,9 

3.7 

26.0 

6,6 

1288 

22543 

22276 

793,9 

3,7 

28.4 

5,5 

1269 

30291 

23343 

1039.9 

4,4 

29,1 

4.7 

Table  4. 

RESULTS  OF  BANK  AND  LEVEL  FIRE  TESTS. 
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M.  P.  394  A-8lith  ShMt 

LOCOMOTIVE : 
type  2-8-0 

CLASS  H61> 
NUMBER  2860 


Pennsylvania  Railroad  Company 

Philedelphii,  Balftmorc  & WNhingtoa  R«ilr««d  Company 
Northorn  Conirol  Railway  Company 
Woat  Jortay  & Staahoro  Railroad  Company 
TEST  DE  RARXMENT 


FUEL : PlUeburgb 
Coal  Co*  


Average  Results  of  Locomotive  Tests 


SUBJECT:  Bank  Verana  Level  Firing 


Altoona,  Pa. 


.8-24-1908 


TEST 

NUMBER 

RUNNI 

ING  CONDITIONS 

1 BOILER  performance 

TEST 

DESIGNATION 

OuntiM 

of 

Test. 

Hoors 

Miles 

per 

Hour 

Throttio 

Oponing, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Uethod 

of 

Firing 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Bos, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  Water 

Calorlhc 
Value 
of  Dry 

Full, 

B.T.U.porLb. 

Cinders 

Collected  in 

Smoko  Bos, 

Pounds 
ptr  Hour 

•.P.aCtt.4tfTWet1lt 

196 

199 

203 

268  to  271 

217 

222 

226 

248 

236 

1290 

100-45-? 

2*00 

16.64 

pull 

Level 

196.4 

5.3 

0.2 

12364 

46 

1291 

100-4&.F 

2.00 

16.64 

•t 

Bank 

200.5 

5.6 

0.1 

12364 

35 

1292 

100-4&-P 

2.00 

16.64 

•• 

« 

198.7 

5.4 

0.2 

12364 

37 

1299 

100-4&-F 

2*00 

16*64 

N 

Level 

197,9 

5.4 

0.2 

12364 

46 

1278 

100-46-P 

2*0 

16.71 

91 

Bank 

199.5 

5.8 

0.1 

12447 

94 

1279 

100-48-F 

2.0 

16.71 

H 

level 

197,7 

6.7 

0.1 

12447 

102 

1280 

100-46-P 

2.0 

16.71 

•• 

Bazik 

201.8 

5.6 

0.2 

12447 

64 

1281 

100-46-P 

2.0 

16.71 

m 

Level 

202,0 

5.7 

0,1 

12447 

20 

1282 

100-45-P 

2.0 

16.71 

ft 

Bank 

200'.6 

5.7 

0.2 

12261 

48 

10O-4&.P 

2.0 

16,71 

•9 

Level 

199.7 

5.5 

0.2 

12281 

56 

BOILER  PERFORMANCE 


TEST 

NUMBER 

Dry  fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

equivalent  evaporation 

FROM  AND  AT  2120  p.,  POUNDS 

Boiler 

Hone 

Power 

(34}iU.ofE.) 

Efficiency 
of  Boiler, 
Bised 

on 

Fuel 

Per 

Hour 

Per  Hour 
per  Sq.  ft 
of  Fire 
Heating  Sue, 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

349 

347 

349 

360 

1290 

4491 

92.30 

30668 

36541 

14.59 

8.14 

1059.2 

63.58 

1291 

4118 

64.61 

30478 

36351 

14.51 

8.83 

1063.7 

68.97 

1292 

4694 

96.47 

30807 

36722 

14.66 

7,82 

1064.4 

61.09 

1293 

4199 

66,29 

30056 

35807 

14.29 

6.53 

1037,9 

66.63 

1278 

6169 

106.23 

29965 

36697 

14.21 

6.69 

1031.6 

53.46 

1279 

5074 

104.28 

31375 

37306 

14.89 

7.36 

1061.4 

57.03 

1280 

4624 

96.03 

31736 

37763 

16.07 

6.16 

1094.3 

63.32 

1281 

4408 

90.69 

31747 

37764 

16.07 

8,57 

1094,6 

66.50 

1282 

4669 

95.96 

31343 

37287 

14.88 

7,99 

1080.8 

62.83 

31297 

37218 

14.85 

7.72 

1078.6 

60.71 

ENGINE  PERFORMANCE 


Preiture 

In 

Branch  Pipe, 
Peuedt 
perSq  In. 


Superheat 

In 

Branch 

Pipe 

Degrees  F. 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 

t. 

Enginu, 
Pounds 
por  Hour 

l.dicated 

Hooo 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynanwmetor 

or 

Oriwbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horso 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamem, 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Lncomotive, 
Por  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
liatfc'.-.nFuel) 

214 

379 

380 

381 

266 

383 

384 

386 

393 

399 

1290 

30297 

23256 

1036.0 

4.3 

29.3 

4.8 

1291 

30100 

23028 

1026.9 

4.0 

29.8 

5.1 

1292 

30484 

23093 

1026.8 

4.6 

29,6 

4.5 

1298 

29691 

22897 

1020.1 

4.1 

29.1 

5.0 

1276 

29593 

22191 

988.6 

5.2 

29.9 

3.9 

1279 

80996 

22566 

1005.0 

5.1 

30.8 

4.1 

1280 

31854 

23431 

1048,9 

4.4 

30.0 

4.6 

1261 

31848 

23185 

1032.9 

4.3 

30.4 

4.7 

1282 

30952 

23220 

1034. S 

4.5 

29.9 

4.6 

1283 

30862 

23085 

1028.4 

4.7 

30,0 

4.4 

Table  5. 

RESULTS  OF  BANK  AND  LEVEL  FIRE  TESTS 
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GRAPHICAL  LOG  OF  TEST. 

The  following  diagrams  show  the  boiler  press- 
ure, speed,  drawbar  pull  and  weight  of  coal  and 
water  for  each  ten  minute  interval  of  the  test.  A 
diagram  is  drawn  for  each  test  and  is  on  file  with 
the  Test  Plant  records.  A few  representative  dia- 
grams are  shown  here. 
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Sheet  No  P-465 


M P.  BzDerlmencal  D-1 

Pennsylvania  Railroad  Company 

Philaoelphia,  Baltimore  ^ Washington  Railroao  Company 
Northern  Central  Railway  Company 
West  Jersey  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


I'i  u i»n 

H 1 )0Vj 


No. 


12 


Bank  Terius  level  Fire. 


Altoona.  Pa  , 


6-17-1908 


UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  2-8-0 
Class  H6b 
Number  £860 


Spfco 

in 

Miles 

per 

Hoe- 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cyiin<i*:rs 

Throttle 

Opcnine 

Ful! 

Part  nl 

Euaporatiii" 
Pounds  oT 
Water  per 
Pound  W 

Coal 

13,36 

80 

40 

Full 

7,57 

Sheet  No. 


1275 


P--465 


26 


Sheet  No.  P-466 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Pmiladclphia,  Baltiuohc  a Washinuton  Railroad  Compamy 
Northern  Central  Railway  company 
Weet  Jersey  i,  Seashore  Railroad  Company 

TEST  DEPARTMENT  BollotlX 

Graphical  Log  of  Locomotive  Test 


No. 


12 


Bank  Versus  Level  Fir© 


Altoona.  Pa..  8-16-1908 


IGURES  R.  P.  M. 
IGURES  APPROX. 

I MILES  PER  HOUR 


40  SO  ^ 10  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


LOCOMOTIVE 

Type  2‘-6-a 
Class  E6b 
Number 


Speed 

in 

Miles 

per 

Hour 

. RevoluUoflS 

Simie 

Per  Cent., 

H,  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partinl 

Evaporation 
Poundi  of 
Water  per 
Pound  of 

Coal 

L3«36 

80 

40 

lull 

6.96 

Test  No.  1276 


Sheet  No..“ 


B.-466 
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M.  P.  BxperlniAntel  D-1 

Pennsylvania  Railroad  Company 


U s>  KU 

»•  IfK 


Sheet  no.  P*^67 


Phh.AOCI.MiA,  aALTIHUHC  A WACHINUtON  RAILROAD  COAIPANT 
Northcrn  Ccntral  Railway  Compary 

WUT  JCRMY  & SCACHORC  RAILROAD  COMPANY 

TEST  DEPARTMENT 


Bullet  la 


No  IZ 


Graphical,  log  of  Locomotive  Test 


Baak  Tersus  LotcI  Fire 


Altoona.  Pa  , 8.18.M1908 


UPPER  FIGURES  R.  P.  M 
LOWER  IGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type 

Class  HAb 
Number  2AA0 


30  40  so  2 

MINUTES  AND  HOURS 


30  40  so 


Speed 

in 

P' 

Hour 

. Revolutions 

(Wr 

Minute 

Cut-ort 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Fell 

Of 

Pirtrcl 

Evapontio'i 
PMids  of 
Witer  per 
found  of 

Coal 

LS«8« 

60 

40 

foil 

7.XB 

1277 


Sheet  No.  P*4A7 
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Sheet  No.  F-468 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PHUkOtLrMI*,  BALTIHOAC  & WASHIMOTOn  Railroao  Commny 
NoRTHtmi  CCMTIUU.  Railway  Co«pamt 
WE«T  JCHSCr  a SCASXUAC  RAILAOAO  OomrANT 

TEST  DEPARTMENT  BttUetixt 

Graphical  Log  of  Locomotive  Test 


11  » itu 

szlOH 


NO. 


Bank  versus  Level  Fixe 


12 


8-19-1908 


UPPER  nOURF.  S R.  P M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type  *-8-0 
Class  34^) 
NUM3ER  *60 


10  20  30  40  so  I ;0  20  30  40  50  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


20  30  40  SO 


SpMd 

Mile! 

. RAVoillihHIi 
par 

Mlaiitt 

P«f  Cent., 

H.  P 
Cylinders 

Throttle 

Openinf? 

Fall 

or 

Fvapontioi 
Poands  of 
Wlfor  per 
Poand  of 

Coal 

ie«7i 

100 

46 

Fall 

5.69 

1278 


Sheet  No. 


29 


Sheet  No. 


P-469 


M P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

, PV4tl.AUCtPHIA.  BACTtMORt  db  WaRMINuION  RAHROAO  COMPANY 

NORTHCRN  CCHTHAl  RaiCWYAT  COMPANY 
W6»T  JtRSCY  A SCA8»  ORC  RaiuROAO  Company 
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UPPeP  FIGURES  R.  P.  M. 
LOWER  PIGUR  eS  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
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Number  2860 
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CLASS  26b 
NUMBE.^  2860 
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CV'nder-, 

Throtli- 

Openiip 

Full 

Pi«rt.,l 

Evapuratio'^ 
Pound)  of 
Water  p.* 

Pound  «'f 

Coa' 

16,71 

100 

45 

Pttll 

6,74 

Test  No. 


1280 


Sheet  No.  P-470 


31 


Sheet  No.  B-471 


M.  P.  Experimental  D- 1 

Pennsylvania  Railroad  Company 

PHILAOCL^HtA,  EUlTIMORK  db  WASHINGTON  RAILROAU  COMPANY 

Northcrn  Ccntral  Railway  Company 
West  Jcrscy  & Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin 
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UPPER  FIGURES  R.  P.  M. 
L.OWER  FIGURES  APPROX. 
SPEED  IN  MIUES  PER  HOUR 


LOCOMOTIVE 
Type  B-S-0 
Class  H6t 
Number  2860 


30  40  SO  I lO  20  30  40  50  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 
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per 

Hour 

Revolutions 
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Throttle 
Openine 
Full  ' 
or 

Parlul 

Evaporation 
Pounds  of 
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lUPPCR  FIGURES  R.  P.  M. 
L.OWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
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Class  H6b 
Number  2860 
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LENGTH  OF  TEST — MINUTES  AND  HOURS 
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Pound  of 
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Bank  versus  Level  Fire 
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:I:  UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type  2-»-0 
Class  H6b 
Number  2860 


30  AO  SO  I 10  20  30  40  50  ^ 

LENGTH  OF  TEST MINUTES  AND  HOURS 


lO  20  30  40 
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Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 
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. UPPER  FIGURES  R.  P.  M.  1 

LOWER  FIGURES  APPROX. 

SPEED  1 fM  MILES  PfeR  HOUR 

Locomotive 

Type  2-8-0 

Class  H61j 

Number  2860 

40  SO  1 lO  20  30  40  SO  ^ 'O  *0  ^O  40  SO  g 

ENGTH  OP  TEST — MINUTES  AND  HOURS 

Speed 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut -off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Pertnl 

Evaporation 
Pouadi  of 
Water  per 
Pound  of 

Coal 

Test  No.  1290 

I6«8I 

1 100 

65 

Fidl 

6,69 
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PHii.kDEi.PH<A.  Baltimore  a Washihuton 

Northern  Central  Railway  Company 
West  Jersey  a Seashore  Railroad  Company 


Sheet  No.  1^76 


TEST  DEPARTMENT  BUllttttll 

Graphical  LOG  of  Locomotive  Test 


No. 


12 


Bank  rerauB  Lerel  Pire 


Altoona.  Pa,.  9-4-1908 


UPPER  FIGURES  P.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  .N  MILES  PER  HOUR 


Locomotive 
Type 


Class 


H6b 


Number  2860 


Speea 

Miist 

Hs'jr 

RevoliitlcRT 

P«T 

Nisiils 

CutHlf 

P«r  CmI., 

H.  P. 
Cylindsrs 

TKrottI* 

OpeolRg 

Full 

Of 

Partiil 

Evaporatisi 
Pouidi  of 
Water  per 
Peond  pf 

Coal 

18.64 

100 

45 

Poll 

7.24 
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Graphical.  Log  of  Locomotive  Test 
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Bank  Yersos  Level  Fire 


AnooN*.  p* . 9—4—1908 


UPPER  FIGUPfeS  «.  P.  M 
4.0WEP  figures  APPROX 
SPEEO  I-.  miles  per  HOL 


Locomotive 

Type 

Class  H6b 
Number  2B60 


30  40  SO  I 'O  20  30  40  SO  ^ ^ 

UENG'H  OF  TEST-MINUTES  AND  HOURS 
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r»r 
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P»r  Cent., 
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Graphical  Log  of  Locomotive  Test 


Bank  versus  Level  Fire 


Altoona.  Pa.. 


9-5-1908 


UPPER  FIGURES  H.  R M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  2-S-O 
Class  H6b 
Number  2860 


HO  -lO  SO  ^ 'O  20  30  AO  SO 

LENGTH  OF  T E ST- - M I N UT  E S AND  HOURS 


lO  20  30  40  SO 


Spwi 

M'l«s 

p-r 

Hoii- 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
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Opening' 
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Partial 
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Pounds  of 
Water  per 
Pound  of 
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16.64 

100 

45 

Pull 

7.01 

Test  No.  1293 
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PENNSYLVANIA  RAILROAD  COMPANY 


Locomotive  Testing  Plant 

AT 


ALTOONA,  PENNA. 


BULLETIN  NO.  13  (REVISED) 

FORMERLY  BULLETINS  NOS.  17  AND  IS 


SMOKEBOX  SUPERHEATER 


COPTRIGHT,  1913,  BY  PENNSYLVANIA  RaILROAD  COMPANY 


1913 


LOCOMOTIVE  TESTING  PLANT. 


SMOKEBOX  SUPERHEATER. 


Conclusions  and  recommendations  on  pages  54  and  55. 


Trials  of  a Smokebox  or  Waste  Gas  Superheater,  the  Re- 
sults OF  Which  Show  That  the  Advantages  of  This 
Method  of  Superheating  Are  Not  Sufficient  to  Jusitfy 
Its  Further  Use. 


INTRODUCTION. 

1.  The  hot  waste  gases  discharged  from  the  locomotive  stack 
have  always  presented  an  opportunity  for  the  introduction  of 
some  means  of  overcoming  the  loss  of  the  heat  that  is  in  them,  and 
one  of  these  is  the  smokebox  superheater. 

2.  The  application  of  a superheater  for  this  purpose,  as  here 
described,  did  not  result  in  the  realization  of  the  benefits  expected, 
as  the  saving  by  its  use  was  offset  by  the  disadvantages  arising 
from  its  effect  in  checking  the  draft  of  the  locomotive  and  making 
it  impossible  to  develop  the  normal  maximum  boiler  power. 

3.  The  smokebox  superheater  must  of  necessity  be  one  giving 
a low  or  moderate  superheat  (less  than  100  degrees),  on  account  of 
the  comparatively  confined  space  and  the  low  temperature  of  the 
gases  in  the  smokebox,  which  is  from  500  to  700  degrees  Fahrenheit. 

4.  The  fact  of  the  rather  low  temperature  of  the  gases  has 
lead  to  the  suggestion  of  a lowering  of  the  boiler  pressure  so  that 
with  a lower  saturated  steam  temperature,  a greater  degree  of 
superheat  would  be  possible  Further  justification  of  this  course 
was  found  in  the  lessened  boiler  maintenance  cost,  it  was  expected 
would  follow  the  use  of  a low  boiler  pressure. 

5.  There  is  a very  general  agreement  that  the  advantages  of 
superheating  are  largely  due  to  a decreased  cylinder  condensation. 
Saturated  steam  of  any  given  pressure  contains  just  sufficient 


(3) 
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heat  to  maintain  its  state  as  steam  at  that  pressure,  and  when 
the  smallest  amount  of  this  heat  is  lost,  as  either  by  work  done 
by  it  on  the  piston  or  simply  by  contact  with  the  cylinder  walls 
of  lower  temperature,  a part  of  the  steam  must  of  necessity  be 
condensed  and  appear  as  moisture  on  the  cylinder  surfaces. 

6.  The  condensation  caused  by  the  cooling  action  of  the 
cylinder  walls  is  that  in  excess  of  the  moisture  shown  by  the 
steam  tables,  to  be  in  the  steam  after  adiabatic  expansion. 

7.  For  example : Dry  saturated  steam  of  205  pounds  (gage) 
pressure  without  addition  of  heat  from  any  outside  source  such 
as  a leaky  valve  or  a steam  jacket,  and  without  giving  up  any 
heat,  as  heat,  to  any  outside  source,  such  as  through  unjacketed 
cylinder  walls  or  a leaky  piston,  would  be  expanding  adiabatically, 
that  is,  would  be  doing  against  the  piston  the  maximum  amount 
of  work  of  which  such  steam  is  capable,  by  itself  alone,  between 
the  set  limits  of  pressure — and  even  then  there  would  be  approxi- 
mately fifteen  (15)  per  cent  of  moisture  in  the  steam  so  expanded, 
so  that  the  moisture,  due  to  the  cooling  action  of  the  cylinder 
walls,  in  that  case,  is  that  in  excess  of  fifteen  per  cent. 

8.  The  use  of  saturated  steam  appears  to  make  compara- 
tively great  temperature  changes  in  the  cylinder  walls  during  a 
stroke,  due  to  greater  conductivity  of  moist  than  of  dry  cylinder 
walls.  Experiments  with  superheated  steam,  notably  by  Barms 
(see  Transactions,  American  Society  of  Mechanical  Engineers, 
Vol.  29,  1907),  appear  to  show  that  as  the  amount  of  superheat 
is  increased,  the  range  of  temperature  in  the  cylinder  during  a 
stroke  of  the  piston  is  decreased  until  with  sufficient  superheat 
the  changes  in  temperature  cease  entirely,  and  Barms  also  stated 
in  conclusion  that,  “A  comparatively  small  portion  of  the  drop 
in  temperature  was  therefore  due  to  the  radiation  losses  and  a 
large  portion  to  the  conversion  of  heat  into  work." 

9.  If  the  superheat  is  just  sufficient  to  keep  the  steam  above 
the  saturation  temperature  up  to  the  point  of  cut-off,  the  steam 
will  act  as  saturated  steam  during  expansion  and  there  will  be 
no  possibility  of  superheat  being  lost  in  the  exhaust  steam.  Whether 
or  not  the  loss  of  heat  due  to  superheat  in  the  exhaust  is  a serious 
matter,  it  is  tme  that  the  advocates  of  highly  superheated  steam 
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(180  degrees  and  upward)  do  not  admit  that  there  is  any  loss  due 
to  a moderate  degree  of  superheat  in  the  exhaust,  because  it  is 
much  more  than  offset  by  the  less  amount  of  heat  exhausted  per 
stroke,  on  account  of  the  less  amount  of  steam  used  per  stroke,  or 
the  less  amount  of  heat  admitted  to  the  cylinder  per  stroke  at  a 
given  cut-off. 


Application  of  Baldwin  Superheater  to  H6b  Locomotive. 

10.  The  Baldwin  Locomotive  Works  originated  a system  of 
smokebox . superheating,  which  involved  the  use  of  low  boiler 
pressure,  and  in  March,  1909,  locomotive  No.  2846,  a consolida- 
tion of  the  H6b  class,  then  about  four  years  old,  was  turned  over 
to  them  and  a smokebox  superheater  installed. 

1 1.  The  boiler  pressure  adopted  was  160  pounds  instead  of  the 
usual  pressure  for  this  locomotive  of  205  pounds  To  obtain 
the  original  drawbar  pull  it  was  necessary  to  enlarge  the  cylinders 
and  new  cylinders  having  a diameter  of  25  inches  instead  of  the 
original  diameter  of  22  inches,  were  made  for  this  locomotive. 
The  stroke  was  not  changed  but  remained  28  inches.  No  other 
changes  were  made  in  the  locomotive  except  those  that  has 
been  noted. 


The  Superheater. 

12.  The  superheater  is  wholly  in  the  smokebox,  as  shown 
in  Fig.  1 and  receives  heat  from  the  gases  issuing  from  the  tubes. 
This  heat  would  otherwise  be  discharged  from  the  stack  and  lost. 

13.  Each  side  of  the  superheater  is  independent  of  the  other 
and  is  in  fact  an  enlargement  and  division  of  the  branch  pipe  to 
the  cylinder.  The  superheater  is  made  up  of  336,  one  and  one- 
quarter  inch  tubes.  Each  tube  is  about  40  inches  long  and  is 
expanded  into  a cast-steel  header  at  each  end.  The  outside 
heating  surface  of  the  tubes,  without  the  headers,  is  389  square 
feet  for  both  sides. 

14.  The  tubes  of  the  superheater  are  divided  into  groups 
and  the  passages  in  the  headers  are  so  arranged  that  on  each  side 
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the  steam  passes  through  five  banks  of  tubes  in  series.  The 
steam  thus  passes  through  a length  of  pipe  in  the  smokebox  of 
about  17|  feet.  The  temperature  of  the  smokebox  gases  in  this 
class  of  locomotive  is  normally  from  500  to  700  degrees  Fahren- 
heit without  the  superheater. 

15.  At  a pressure  of  160  pounds  by  gage,  the  saturation 
temperature  of  steam  is  370  degrees  Fahrenheit,  and  with  a 
smokebox  temperature  of  600  degrees,  but  a moderate  superheat 
is  possible.  The  highest  superheat  obtained  in  the  tests  was  55.9 
degrees  Fahrenheit. 

16.  To  measure  the  steam  temperature,  in  obtaining  the 
amount  of  superheat,  mercury  thermometers  were  used  as  shown 
in  Fig.  2.  These  were  placed  in  thermometer  wells  in  each  steam 
pipe.  On  account  of  the  length  of  the  mercury  column  above 
the  well,  a correction  was  made  for  each  temperature  reading. 

17.  No  special  determination  of  the  amount  of  moisture 
in  the  saturated  steam,  entering  the  superheater,  was  made  for 
this  locomotive,  but  from  a large  number  of  tests  with  a thrott- 
ling calorimeter,  on  this  and  other  classes  of  locomotive,  it  has 
been  found  that  the  steam  contains  about  1.67  per  cent,  of  moisture, 
without  much  variation  for  different  rates  of  evaporation.  A 
correction  of  the  above  amount  has  been  made  for  the  quality 
of  the  saturated  steam. 


Coal  Analysis. 

18.  For  all  of  the  tests  the  coal  was  “run  of  mine"  coal 
from  Jamison  No,  3 Colliery  of  the  Jamison  Coal  and  Coke 
Company.  The  proximate  analysis  of  an  average  sample  of  this 


coal  shows  the  following: 

Fixed  carbon,  per  cent 57 . 25 

Volatile  matter,  per  cent... 31.95 

Moisture,  per  cent 0 . 82 

Ash,  per  cent 9 . 98 


Total 100.00 

Sulphur,  separately  determined,  per  cent 1.79 

B.  t.  u.  per  lb.  of  coal,  dry 14,014 


Fig.  1. 

BALDWIN  SMOKEBOX  SUPERHEATER. 
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Outline  of  H6b  locomotive  with  smokebox  superheater  and  2S-inch  cylinders. 


19.  General  Dimensions  of  Locomotive. 

Total  weight  (normal  weight  of  H6b  class),  pounds 202000 

Weight  on  drivers  (normal  weight  of  H6b  class),  pounds..  179000 


Cyhnders  (simple),  inches 25  x 28 

Diameter  of  drivers,  inches 56 

Firebox  heating  surface,  square  feet 166 . 1 . 

Heating  surface  in  tubes  (water  side),  square  feet 2673.7 

Heating  surface  of  superheater,  square  feet 389.0 

Total  heating  surface  (based;  on  water  side  of  tubes), 

square  feet  (not  including  superheater) 2839.7 

Total  heating  surface  (based  on  fire  side  of  tubes),  square 

feet  (not  including  superheater) 2505.3 

Grate  area,  square  feet 48.7 

Boiler  pressure,  pounds 160 

Valves 12  in.  Piston 

Valve  motion Walschaerts 

Firebox,  type Wide,  Belpaire 

Number  of  tubes 373 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 164.3 


3-C4- 
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The  Tests. 

20.  The  tests  were  made  at  three  speeds,  80,100  and  120 
revolutions  per  minute,  13  to  20  miles  per  hour. 

21.  After  making  some  preliminary  tests  at  low  speeds  a 
test  was  begun  at  100  revolutions,  16.5  miles  per  hour  and  50 
per  cent,  cut-off,  but  the  locomotive  would  not  steam.  The  draft 
appeared  to  be  insufficient  and  the  smokebox  filled  with  cinders. 

22.  The  smokebox  arrangement  is  shown  in  Fig.  3,  the  full 
lines  indicated  the  parts  originally  in  place.  These  consisted  of 


SUPERHEATER 


Fig.  2. 

MEASUREMENT  OF  SUPERHEAT. 

The  steam  temperature  was  measured  by  means  of  a mercury  thermometer  inserted  in  the  steam  pipe. 
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a cone-shaped  piece  extending  forward  from  the  tube  sheet  and 
connecting  with  a tube  or  cylinder.  This  cylinder  had  perforated 
sides  and  a section  was  omitted  at  the  bottom.  The  gases  passed 
in  at  the  perforated  part  and  at  the  part  “ A,”  the  gases  finding  a 
short  passage  to  the  stack. 


Fig.  3. 

SMOKEBOX  DEFLECTORS. 

A cylindrical  tube  with  a conical  end  is  located  on  the  center  line  of  thesmokebox.  This  part  was  recon- 
structed so  that  the  gases  would  enter  at  the  open  end,  B,  instead  of  taking  the  short  passage  at  A.  The  parts 
shown  by  broken  lines  were  added  during  the  tests. 


23.  To  improve  the  draft  by  causing  the  gases  to  sweep  out 
the  cinders  in  the  front  of  the  smokebox,  the  perforations  in  the 
sides  of  the  deflector  were  closed  and  the  bottom  of  the  cylinder 
of  the  deflector  completed,  so  that  the  gases,  instead  of  passing 
up  at  “A,”  were  forced  to  enter  the  end  of  the  deflector  at  “B.” 
A deflector  plate  was  also  added  at  the  top  and  sides  of  the  smoke- 
box. After  these  changes,  the  test  tried  before  was  easily  made 
with  a good  steam  pressure. 
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24.  A test  was  later  made  at  120  revolutions,  20  miles  per 
hour,  and  50  per  cent,  cut-off,  but  showing  a total  evaporation 
less  than  that  of  the  regular  H6b  class. 

25.  It  was  observed  that,  at  any  speed  and  cut-off,  this 
locomotive  with  a 25 -inch  cylinder  and  160  pounds  pressure,  has 
a drawbar  pull  very  much  less  than  an  H6b  locomotive  with  a 
22 -inch  cylinder  and  205  pounds  pressure. 

26.  This  is  shown  by  the  following  table: 


Comparison  of  Drawbar  Pulls  at  Approximately 
Equal  Cut-off. 


Test 

No. 

Loco- 

Moxn-B 

No. 

Steam 

Speed  in 

Cut-ofiF 

in 

Per 

Cent. 

i.h.p. 

d.h.p. 

Draw- 

bar 

Pull 

Pound 

r.p.m. 

m.p.h. 

1301 

2846 

Superheated 

80 

13 

29.5 

648.2 

551 

15495 

1200.27 1 

2860 

Saturated 

80 

13 

31.4 

817.6 

701 

20234 

1302 

2846 

Superheated 

80 

13 

36.6 

792.8 

698.7 

19648 

1200.272 

2860 

Saturated 

80 

13 

38.9 

963.5 

850.2 

24256 

1303 

2846 

Superheated 

100 

16 

43.6 

1046.2 

908.7 

20443 

1200.274 

2860 

Saturated 

100 

16 

45.7 

1248.9 

1111.8 

25659 

The  superheater  locomotive  has  a slightly  shorter  cut-off  in 
these  tests,  but  this  is  not  nearly  sufficient  to  account  for  the  lower 
pull.  This  is  evident  from  Fig.  4,  where  the  mean  effective  pres- 
sure is  shown  for  the  cut-offs  used. 

27.  We  find  from  this  diagram  that  at  80  revolutions  per 
minute  with  saturated  steam  and  a cut-off  of  30  per  cent.,  the  satu- 
rated steam  locomotive  has  a mean  effective  pressure  of  90  pounds, 
while  the  superheated  steam  locomotive  under  the  same  condi- 
tions has  a mean  effective  pressure  of  76  pounds.  Similar  con- 
ditions are  shown  for  the  speeds  at  100  and  120  revolutions. 
There  is  a drop  in  pressure  as  the  steam  passes  through  the  super- 
heater, and  this  accounts  for  a low  drawbar  pull,  where  the  loco- 
motive is  using  large  quantities  of  steam.  This  however,  does 
not  account  for  the  low  mean  effective  pressure  at  low  speeds. 
The  only  apparent  reason  for  this  is  in  the  use  of  the  same  size 
of  valves  and  steam  ports  in  both  cases,  and  the  low  superheat 
used  with  the  larger  cylinders. 
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Superheater  Tests  with  a Boiler  Pressure  of  160  Pounds, 

28.  Tables  I and  II  show  the  results  of  the  tests  at  160  pounds 
boiler  pressure,  or  the  pressure  for  which  this  superheater  instal- 
lation was  designed. 

29.  Table  I shows  tests  with  the  superheater  in  action,  Table  II 
with  the  superheater  removed,  but  in  both  cases  with  the  25-inch 
cylinders.  The  superheat  obtained  was  low,  being  only  from  25 
to  56  degrees.  When  evaporating  30000  pounds  of  water  and  this 
was  about  the  limit  for  the  locomotive,  the  drop  in  steam 
pressure  from  the  boiler  to  the  cylinders  was  7.2  pounds. 

30.  In  Figs.  5 to  9 which  show  the  results  of  these  tests  with 
160  pounds  pressure,  there  is  a saving  shown  in  both  water  and 
coal,  the  saving  in  water  averages  about  8 per  cent.,  and  in  coal 
about  15  per  cent.,  the  drawbar  pull,  however,  is  low. 

3 1 . The  locomotive  with  a superheater  and  25-inch  cylinders 
is  in  this  case  compared  with  the  same  locomotive  without  super- 
heater, but  also  with  25-inch  cylinders.  This  is  not  a fair  com- 
parison, because  this  class  of  locomotive,  under  normal  condi- 
tions, has  a 22-inch  cylinder.  The  25-inch  cylinder,  operated  on 
superheated  steam,  shows  a high  water  rate,  due  no  doubt  to 
cylinder  condensation. 

32.  A much  better  comparison  of  the  160  potmds  pressure 
tests  is  found  in  Figs.  24  to  27,  where  the  superheater  locomotive 
is  compared  with  another  H6b  locomotive  having  22-inch  cylinders, 
in  this  case  no  advantage  is  shown  for  the  superheater  locomotive. 
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Fig.  4. 

MEAN  EFFECTIVE  PRESSURE. 

The  pressure  for  the  25-inch  cylinder  has  been  multiplied  by  1.29,  the  ratio  of  cylinder  diameters  of  the 

two  locomotives. 
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Altoona.  Pa.,  3-31-1909 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Tett, 

Hoars 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H.  P. 
Cylinders 

foD^.or 

jnoke- 

box 

)egree& 
F 1 

1 Pressure 

In  Boiler, 

1 Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Asn  Pan, 
Inches 
of  Water 

Caloriflc 
Value 
of  Dry 

Fuel, 

B.T.U.porLb. 

Cinders 

Collected  in 

Smoke  kx, 

Pounds 
per  Hour 

R.  P.  it  Cet  ctt  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

1301 

1302 

1303 

1304 
1306 
1306 

80-30-? 

80-4 0-F 
100-4 5-P 

100- 50-? 
100-60-? 
120-50-F 

2 

2 

2 

2 

1.5 

Si 

1 

13.34 

13.34 

16.67 

lokebox 

16.67 

20,00 

Full 

sv 

1 •• 

Filled 

mi 

29.5 

36.6 

43.6 
Slth  Cl 

50,4 

49.2 

475 

500 

570 

fidere 

548 

600 

159.9 

160.6 

159.0 

162,4 

167.6 

1.5 

2,1 

4.0 

6.9 

7.8 

,1 

.1 

.1 

.3 

.3 

13293 

13293 

13293 

13293 

13293 

77 

138 

246 

109 

155 

BOILER  PERFORMANCE 

ENGINE  PEf 

FORMANCE 

TEST 

Dry  Fuel 

Dry  Fuel 

Wator 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  p.,  POUNDS 

Boiler 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Kind 

of 

Super- 

heater 

Pressure 

Superheat 

NUMBER 

Fired 
per  Hour, 
Pounds 

Pounds  per 

Sq.  Ft.  of 
Gcato 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  FIro 
Heating  Sur. 

„Per 

Pound 

of 

Dry  Fuel 

Horse 

Power 

(34>4U.ofE.) 

1 

1 Brinch  Pipe, 
Peuads 
per  Sq  In. 

Branch 

Pipe 

Degrees  F. 

338 

339 

3^ 

344 

345 

347 

349 

360 

1 220 

230 

1301 

2071 

42,53 

16166 

19603 

7.82 

9,47 

568.2 

68.80 

Baldwin 

156.6 

25,0 

1302 

2663 

55 

,09 

19831 

24077 

9.61 

8,97 

697,9 

65.17 

•» 

156,6 

32,8 

1303 

1304 

3663 

75,63 

25660 

31372 

12.52 

6.52 

909,3 

61,91 

l» 

153.8 

44,3 

1305 

4684 

94 

.13 

30115 

36558 

14,59 

7,98 

1059,7 

57.98 

M 

155.1 

55,9 

1306 

5543 

113.66 

32722 

39690 

15.64 

7,16 

1150,4 

52.02 

M 

154,0 

54,7 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


Dry  Steim 
to 

Engines, 
Pounds 
por  Hour 


Indlcited 

Horse 

Power 


Dry  Fuel 
per 

Indicated 


Dry  Steam 
per 

Indicated 


Drawbar 

Poll, 

Pounds 


Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Oynampm. 

Horse 

Power  Hour, 
Pound' 


Dry  Steam 


Dynamom. 

Horse 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 


Thermal 

Efficiency 

of 

Locomativo, 
per  Cent, 
Cased  onFuel) 


Brap^ 


in 


I 214 


379 


360 


381 


266 


398 


399 


1301 

1302 

1303 

1304 

1305 

1306 


15901 

19661 

25531 

29730 

32307 


648.2 

792,8 

1046.2 

1179.0 

1265.2 


3.2 

3.4 

3.5 

3.9 

4.4 


24.53 
24,67 
24.40 

25,22 

25.54 


epiLEiR  p|res|sur 


15495 
19648 
1 20443 

23135 

20184 


561.0 

698.7 

908.7 

1028.4 

1076.6 


3.76 

3.84 

4,05 

4.46 

5,15 


28.86 

28.00 

28,10 

28,91 

30.01 

60 


65.0 

68.1 

86.9 

87,2 

85.1 


5,09 

4.99 

4,73 

4.29 

3,72 


393.7 

401.4 

406.0 

423,T 

422.0 


Table  I. 

Superheater  in  use.  Steam  pressure  160  pounds.  25-inch  cylinders. 
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SUBJECT  : SlQOkebox  Superheater*  Trials  With  Saturated  Steaaj  Altoona,  Pa.,  4-8-1909 


PKiladtIphia.  SaNifner*  4 WstKin^lofi  Railroad  Company 
Northora  Central  Railway  Company 
Waat  Joraoy  ^ Soaahoro  Railroad  Company 
'EST  OGPARTMEMT 


Bulletin  Ho, 13 

FUEL:  Jamison 
Cool 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Ounlion 

of 

Tort, 

Hours 

Miles 

oer 

Hour 

Throttle 
Openieg, 
full  or 
Partial 

Actual 

Cut-.ff 

Per  Ceot., 

H.  P. 
Cylioden 

rtop.dfii 

Smoke-  1 
box 

Degrees! 
^ 1 

Preiigr* 

!■>  Boiler, 
Lbs.  per 

Sq.  lecH 

Draft 

In 

Smoke  8o«. 
Inchei 
of  Water 

Draft 

Ash  Pan, 
Inchei 
of  Water 

CaioriAc 
Value 
of  Dry 
fuel, 

S.T.U.porLb 

CInden 

Collectod  in 

Smoke  Box, 
Pounds 
pir  Hour 

1.  r.  ■ CBi.«n  imttit 

196 

199 

203 

268  to  271 

[ 217 

222 

225 

248 

238 

1317 

80-30-P 

2 

13,34 

Pull 

27,8 

520 

158.0 

1.9 

.1 

13680 

69 

1316 

80-40-P 

2 

13,34 

m 

35,6 

545 

160,6 

2.5 

.1 

13580 

116 

1319 

100-4 5-P 

2 

16,67 

99 

43,4 

610 

160,9 

.3 

13580 

256 

1320 

120-50*? 

n 

20,00 

50.3 

700 

147,6 

4.7 

.3 

i 

13580 

658 

BOILER  PERFORMANCE 


EII6IIIE  PERPOKMANCE 


TEST 

NUMBER 

Dry  Fuel 
F'red 
f*r  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 

So.  FI.  of 
Grate 

Walnr 
Oelieered 
to  Boiler, 
Pounds 
per  Hour 

equivalent  evaporation 

FROM  AND  AT  212°  F..  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofC.) 

Effcloncy 
of  Boiler, 
Based 

on 

Fuel 

Pmiura 

In 

Branch  Pipe, 
Pcunds 
par  Sq  In. 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Srj.  Ft 
rl  Fire 
Mealing  Sur. 

„Por 

Pound 
of  . 

Dry  Fuel 

338 

333 

340 

344 

345 

347 

340 

360 

1 220 

230 

1317 

2334 

47,93 

17689 

21398 

8,64 

9.17 

620,2 

65,22 

156,2 

1318 

3118 

64,03 

21726 

26366 

10,52 

6,46 

764^3 

60.17 

159.6 

1319 

4572 

93,88 

28779 

34828 

13,90 

7,62 

1009,6 

54.19 

1320 

6687 

137,31 

33281 

40230 

16,06 

6.02 

1166,1 

42.81 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

tUMBER 

Dry  Steam 
to 

Engines. 
Pounds 
par  Hour 

ladicated 

Horsn 

Power 

Dry  Fuel 
per 

indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hoar, 
Pounds 

Drawba.- 

PuH. 

1 Pounds 

Oy.samometer 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynamom. 

Horse 

Power  Hour, 
Pounds 

Machino 

Efficiency 

of 

Leeofflotlra, 
Per  Cent. 

Thomial 

Efficiency 

of 

LecomoUuo, 
per  Cent., 
(Based  on  Fuel  1 

01 

Steam^lt 

Degrees 

P 

214 

379 

380 

381 

1 265 

363 

384 

385 

398 

399 

1317 

17476 

644,4 

3,6 

27.12 

15238 

541,9 

4.31 

32,25 

84,1 

4.36 

367.1 

1318 

21394 

812,2 

3,8 

26,34 

19649 

698.7 

4,46 

30,62 

86,0 

4.20 

367.9 

1319 

28323 

1074,6 

4.3 

26,36 

20742 

922,0 

4,96 

30,72 

85,8 

3.78 

367,6 

1320 

32878 

1158,0 

5.8 

28,39 

18607 

987,2 

6.77 

33.30 

85,3 

2.77 

358,6 

B( 

)ILE 

R P 

^ES: 

»UR 

E 1 

60 

Table  il. 

tests  the  superheater  was  removed  and  replaced  by  steam  pipes.  Steam  pressure  160  pounds. 
25-inch  cylinders. 
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Fig.  5. 

STEAM  PER  INDICATED  HORSE-POWER. 

The  superheat  ranges  from  25  to  55  degrees,  and  there  is  an  average  saving  in  steam  of  8 per  cent 
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Fig.  6. 

STEAM  PER  DYNAMOMETER  HORSE-POWER. 
Boiler  pressure  160  pounds. 
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Fig.  7. 

COAL  PER  INDICATED  HORSE-POWER. 
Boiler  pressure  160  pounds. 
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Fig.  8. 

COAL  PER  DYNAMOMETER  HORSE-POWER. 
We  find  here  a saving  in  coal  of  15.8  per  cent 
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Fig.  9. 

TEMPERATURES  OF  SMOKEBOX  GASES  AND  STEAM. 

With  the  superheater  in  use,  the  temperature  of  the  gases  is  decreased  and  heat  is  recovered. 
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Superheater  Tests  at  Increased  Pressures. 

33.  The  boiler  pressure  was  then  increased  to  170  pounds 
and  a second  series  of  trials  made  at  the  same  speeds  and  cut-offs 
as  for  the  tests  at  160  poimds  pressure,  and  following  these  a series 
of  tests  at  180  pounds  pressure  was  made.  Even  at  180  pounds 
pressure,  the  drawbar  pulls  of  the  two  locomotives  are  not  equal. 

Superheater  Locomotive  Operated  on  Saturated  Steam. 

34.  Because  of  the  fact  that  the  locomotive  did  not  show 
results  equal  to  those  obtained  with  the  H6b  (saturated  steam, 
22 -inch  cylinders)  either  in  drawbar  pull  or  boiler  power.  It 
was  decided  to  remove  the  superheater  and  substitute  the  usual 
steam  pipes  so  that  trials  could  be  made  with  saturated  steam. 
These  trials  were  made  at  the  former  speeds  and  cut-offs  and  are 
comparable  with  the  trials  with  superheat. 

35.  From  these  tests  it  is  found  that  the  superheater  reduces 
the  steam  consumption  about  6J  per  cent,  at  pressures  of  160  and 
170  pounds,  with  conflicting  results  at  180  pounds  pressure. 

Comparative  Trials  with  a Saturated  Steam  Locomotive. 

36.  After  all  of  the  trials  of  the  superheater  locomotive 
2846  were  completed,  a series  of  trials  was  run  with  class  H6b 
saturated  steam  locomotive  2860,  repeating  runs  made  with 
locomotive  2846  and  using  the  same  kind  of  coal.  Saturated 
steam  locomotive  2860  has  22-inch  diameter  cylinders  and  carries 
a boiler  pressure  of  205  pounds. 

37.  The  results  of  these  tests  are  given  on  Table  VII,  and 
they  are  plotted,  in  connection  with  the  results  of  the  tests  on 
the  superheater  locomotive,  in  Figs.  23  to  27. 

38.  The  ratio  of  the  areas  of  cylinders  of  the  two  locomotives 
2860  and  2846  is  1.29  while  the  ratio  of  the  boiler  pressures  of 
205  to  160  is  1.28.  The  25-inch  cylinders  are  thus  large  enough 
if  they  received  the  pressure  expected,  but  this  they  do  not  have 
on  account  of  the  restriction  of  the  steam  passages  of  the  super- 
heater. 
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Pennsylvania  Railroad  Company 

LOCOMOTIVE; 

TYPE  2-8-0 

CLASS  Superheater 

NuwBER  Average  Results  of  Locomotive  Tests 

SUBJECT:  Smokebox  Superheater  Altoona,  Pa 


ntihdtipfci*,  Btitimor*  & WnNiaften  fUilrewi  Cpmpany 
Northern  Central  Ratharey  Company 
Went  Jeraay  & Setahora  Railroad  Company 
TEST  DERARTMEMT 


Bullctia  Ho, IS 
FUEL : 

Coal 


4-1-1909 


TEST 

NUMBER 


RUNNING  CONDITIONS 


TEST 

DESIGNATION 


Duration 

of 

Teat, 

Hoars 


Miles 

per 

Hour 


Throttle 
Openiag, 
Full  or 
Partial 


Actual 
Cut-eff 
Per  Cent, 
H.  P. 
Cylinders 


Wp.6f  I 


box 

Degrees! 
? 


S4.  Inch 


BOILER  PERFORMANCE 


Draft 

la 

Smoke  8o«, 
Inches 
of  Water 


Draft 

Ash  Pan, 
Inches 
ef  Water 


Calorific 

Value 

afDry 

Fuel, 

B.T.U.pcrLb. 


CofUcted  in 
Smoke  Box, 
Pounds 


I.  r.  a Cal-en  Throttle  j 196  | 199 


268  to  271 


217 


222 


226 


240 


238 


1307 

1308 

1309 

1310 

1311 


TEST 

NUMBER 


80-30-F 

80-40-F 

100-45-F 

100-50-F 

120-50-F 


13*34 

13.34 

16.67 

16.67 

20,00 


Pull 


28.1 

36,5 

41.4 

46.4 
48.2 


460 

530 

570 

610 

620 


173,4 

173,8 

170.1 

170.2 
167.7 


2.4 

3.5 

5.5 
7.1 
8.7 


13293 

13293 

14216 

14218 

14218 


43 

64 

92 

116 

260 


BOILER  PERFORMANCE 


lElfilNE  PERFORMANCE 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft  of 


Water 

Deliverec 


Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  2120  p.,  POUNDS 


Pound 

of 

Dry  Fuel 


Power 

(34>iU.ofE.I 


Efficiency 
of  Boiler, 
BasmI 


Kind 

Super- 

. Peuads 

heater  I p.,sq  in. 


Branch 

Pip. 

Degrees  F. 


338 


344 


34S 


347 


360 


220 


230 


1307 

1308 

1309 

1310 
13U 


2201 

2875 

4095 

5184 

6918 


45,20 

59,03 

84.09 

106.45 

142.05 


17857 

21292 

27429 

30576 

33528 


21723 

25895 

33359 

37184 

40760 


8.67 

10,34 

13.32 

14,84 

16.27 


9.87 

9.01 

8,15 

7.17 

5.69 


629.7 

760.6 

966.9 

1077.8 

1181,4 


71.71 

65.46 

55.36 

48,70 

40,01 


Baldwin 


173.1 
170 
164.6 
163,7 

160.2 


32.5 
34,1 
45.9 
44,3 

43.6 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Diy  StMin 

t. 

Panada 

perHdor 

bdltfM 

Hone 

Poumr 

Dry  Feel 

P» 

Indicated 

Hcfs* 

PetnrHour, 

Peends 

Dty  Steam 
par 

Indicated 

Horse 

PoMT  Hour, 
Pends 

1 Diawbar 

1 Pa". 

Peuads 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per  • 

Dynamem, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamoiti. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Lecomotlve, 
Per  Cent 

Thermal 

Efficiency 

of 

tocomotlve, 
per  Cent, 

(.ItiodonFuell 

lemp.ot 

Steam  In 
Branch 

Degr|el® 

214 

379 

380 

381 

266 

383 

384 

386 

398 

399 

1307 

17541 

732.8 

3.0 

23.94 

1 17288 

614,8 

3.56 

28,53 

83.9 

5.35 

406.6 

1308 

21034 

885.3 

3.2 

23.76 

21328 

758,4 

3.79 

27.73 

85.7 

5.05 

409,6 

1309 

27097 

1130.0 

3.6 

23.98 

21825 

970,1 

4.22 

27,93 

85,8 

4.24 

418,2 

1310 

30201 

1242.6 

4.2 

24.30 

24624 

1067,9 

4.85 

28.26 

65.9 

3,67 

416.3 

13U 

33122 

1298.6 

5.3 

25.51 

21018 

1121.1 

6.17 

29.54 

86,3 

2.90 

414,0 

B 

DILI 

[R  p| 

SUF 

70 

Table  III. 

Superheater  in  use.  Steam  pressure  170  pounds. 
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M.  F.  384  A— Sixth  &hc*t  U-4-10 

Pennsylvania  Railroad  Company 

I nr*nMnTI\/F  • PhiUd»lphia,  eal«imit-«  4 Wnhiagtca  RniIrMid  Compani  BullCtijJ  HO  13 

Norlharn  Cantni  Railway  Compaay  • 

TYPE  2~B«0  Urtty  4 Soaihora  Railroad  Coin|»My  FUEL  : . vSniiSOXI 

CLASS  K6b,  35  Ui.Oyllnders  tesx  de:>:»artmeimt  Opal 

NUMBER  3646  Average  Results  of  Locomotive  Tests 
SUBJECT:  Smokebox  Superbeatejc,  Trials  With  Saturated  Steam  Altoona,  Pa.,  4-14-X909 


RUNNING  CONDITIONS  | BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hoars 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partlil 

Actual 

Cut^eff 

Per  Cent, 

H.  P. 
Cylinders 

Si? 

oox 

Degrees 

P 

Presiure 

In  Boiler, 
Lba.  per 

Sq.  Inch 

Dreft 

1* 

SmoVe  Box, 
Inches 
of  Water 

Draft 

le 

Ash  Pan, 
Inches 
ef  Water 

Calorlflc 
Value 
of  Dry 

Full, 

B.T.  U.  per  Lb. 

Clodars 

Collected  la 

Smeku  Bax, 

Pounds 
par  How 

R.  r.M.  CM^II  TRnttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

298 

1321 

1322 

1323 

1324 

00-30-P 

80-40-F 
100  45-P 
120-45-P 

2 

2 

2 

1.6 

13.34 

13.34 
16,67 
20.00 

Poll 

«• 

m 

m 

28,7 

36,1 

43,5 

43,9 

520 

550 

645 

660 

169.9 

170.9 
169,8 
152.4 

1.9 

2.7 

4.6 

4,3 

.1 

.2 

.3 

.2 

13580 

13580 

13697 

13697 

61 

111 

296 

TEST 

NUMBER 

BOILER  PERFORMANCE 

EII6INE  PEBFORIIANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
par  Hour. 
Pounds  per 
Si).  Ft.  of 
Grata 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2t2«  F..  POUNDS 

Boiler 

Horse 

Power 

OdHU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Peuads 
per  Sq.  la. 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Pflr 

Hour 

Per  Hour 
per  Sq..Ft 
of  Fire 
Heeling  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

330 

340 

344 

345 

347 

349 

350 

II 

220 

230 

1321 

1322 

1323 

1324 

2520 

3175 

4817 

4841 

51,76 

65.20 

98.91 

99,41 

19360 

23093 

30383 

29359 

23413 

28009 

36631 

35469 

9.35 

11.18 

14,70 

14.17 

9,29 

8.82 

7,65 

7,33 

678,6 

811.9 

1067.6 

1028.7 

66,07 

62,73 

53.94 

51,69 

170,1 

170,3 

166.7 

150,0 

TEST 

NUMBER 

ENGINE  t 

•ERFORMANCE  I 

r LOCOMOl 

riVE  PERFORMANCE 

Dry  Staim 
to 

EaginaSi 
Pounds 
par  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 

— 

Dry  Steam 
per 

ledicated 

Horso 

Powor  Hour, 
Pounds 

Drawbar 

Pull, 

1 Pounds 

Dynamometer 

or 

Drawbar 

Hone 

Power 

Dry  Fuel 
per 

Oynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Loeomethro, 
Ptr  Cent 

Thenail 

Efficiency 

of 

Lecomsthe, 
per  Cent, 
(Based  anFuel' 

Branch 
^ Pipe 
Degrees 

214 

3T9 

380 

381 

1 265 

383 

384 

385 

398 

399 

1321 

1322 

1323 

1324 

18970 

22729 

30004 

29004 

709,9 

885,2 

1157.1 

1112.1 

3.5 

3.6 
4,2 
4,4 

BO 

26.72 

25.68 

25.93 

26.06 

ILE, 

l PR 

16663 

21224 

22243 

17427 

ESS 

592.5 

754.7 

988.7 

929.6 

URE 

4.25 

4.21 
4,87 

5.21 

: i: 

32.02 

30,12 

30,35 

31,20 

'0 

83.5 

85.3 

85.4 

63.6 

4,41 

4,45 

3,82 

3,59 

372.9 

372,1 

372,1 

363.9 

Table  IV. 

Tests  with  superheater  removed.  Steam  pressure  170  pounds. 
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Fig.  10. 

STEAM  PER  INDICATED  HORSE-POWER. 
Boiler  pressure  170  pounds. 


J.  H.  mW.  Hol-olerf.^^.  WLflAflfi.T 
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Fig.  11. 

STEAM  PER  DYNAMOMETER  HORSE-POWER. 
Boiler  pressure  170  pounds. 
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Fig.  12. 

COAL  PER  INDICATED  HORSE-POWER, 
Boiler  pressure  170  pounds. 
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Fig.  13. 

COAL  PER  DYNAMOMETER  HORSE-POWER, 
Boiler  pressure  170  pounds. 
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M.  P.  394  A-Sixlh  Sboct 
Sxluyi 

LOCOMOTIVE : 
TYPE  S-6-0 
CLASS  H6b 
numb^8.^^46 


SUBJECT : aooJsebox  5u:perh®at«r 


Pennsylvania  Railroad  Company 

MUsdaiphi*,  Baltimer*  4 WMbngiM  lUilraad  CompMj 
Norther*  Ceatrai  Railway  Cempaay 
Waat  Jamay  A Saaahera  Ratiraad  Caaipaay 
TEST  DEPARTMeNT 


11-4-10 

Bulletin  No.13 


FUEL: 


Coal 


Average  Results  of  Locomotive  Tests 


Altoona,  Pa., 4^1^ 


RUNNING  CONDtTIONS  | 

II  BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Oontton 

of 

Test 

Hours 

Miles 

per 

Hour 

ThretHe 
Openleg, 
Full  or 
Partial 

Actual 

Cuf^df 

Per  Coot, 

H.  P. 
CyUndert 

reaqp.of 

3inoke» 

box 

degrees 

P 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  loch 

Draft 

far 

Smoko  Bos, 
Inchot 
of  Water 

Draft 

in 

Ad)  Pan, 
lachot 
of  Water 

CaloriSc 
Value 
of  Dry 

Fuel, 

B.T.U.porLb. 

cinders 

Colloctod  lo 

Smoko  Box, 
Pounds 
per  Hour 

K.  P.  8 Cat-oft  nraMt 

196 

199 

203 

2681.271 

1 217 

222 

226 

248 

238 

1312 

30-30-P 

2 

; 

13, 

34 

Pull 

30.7 

500 

1 161.5 

3.1 

.1 

14218 

56 

1316 

80-30-F 

2 

13.34 

29,8 

510 

1 162,9 

2,6 

•1 

13580 

51 

1313 

80-40-P 

2 

» 

13,34 

•1 

36,4 

545 

I 162,3 

4.0 

*2 

14218 

85 

1314 

100.45»P 

l.S 

16. 

67 

43,5 

575 

1 160.9 

5,0 

•2 

14a8 

192 

1315 

120-.50-P 

3 

20. 

00 

•1 

49.3 

625 

1 163.3 

6,6 

.3 

14218 

280 

BOILER  PERFORMANCE 

ENGINE  PERFORMAItCE 

TEST 

Dry  Foal 

Dry  Fuel 

Water 
Oellvored 
to  Boiler, 
Poonds 
per  Hoar 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212<»  F..  POUNDS 

Bolter 

Efficiency 
of  Boiler. 

Kind 

of 

Pressure 

In 

Superheat 

In 

NUMBER 

Flrod 
per  Hour, 
Pounds 

Pounds  par 
Sq.Ftof 
Grate 

Per 

Hour 

of  Fire 
Heatioq  Sur. 

Per 

Pound 

of 

Dry  Fuel 

Herw 

Powar 

(VSU.ofE.) 

Based 

on 

Fuel 

Super- 

heater! 

1 Branch  Pipe, 
Pounds 

I porSq.  ln. 

Branch 

Pipe 

Degrees  F. 

33B 

338 

340 

344 

345 

347 

349 

350 

1 

1 220 

230 

1312 

2673 

52.63 

19358 

23542 

9,40 

9.15 

662,4 

62.15 

Baldwin  1 

1 178.0 

36,0 

1316 

2547 

52,30 

19493 

23732 

9,47 

9,32 

687,9 

66,28 

t 

178.5 

27,1 

1313 

3259 

66,92 

23126 

28158 

11.24 

6,64 

816.2 

58,69 

9f 

177.9 

43,1 

1314 

4897 

100 

.66 

29366 

35724 

14.26 

7,30 

1035.5 

49,59 

•• 

174.6 

48.6 

1315 

6139 

126,06 

34046 

41359 

16,51 

6,74 

1198.8 

45.78 

n 

154.8 

45,5 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NimaEB 


DnrSttdiii 

to 

Eagtoaa, 

Poindi 

pvHour 


21A 


ladicated 

Hcrt* 

Powar 


*70 


Dry  Fael 


PewarHear, 

Poenda 


Dry  Staua 
P» 


Powar  Hoar, 

_Ea!a^ 


260 


383 


Dry  Foal 


Horso 

Power  Hoar, 
Pooade 


?«■ 

Rdin 

loTM 

Powar  Hour, 


385 


Efficiency 

of 


Thanml 

Effidancy 

of 


percent, 


iestp^oi 

Steam  in 
branch 

Des^^s 


1312 

1316 

1313 

1314 

1315 


19051 

19231 

22600 

29010 

33636 


745.9 

774.9 
910.2 

1211.0 

1264,4 


3*4 

3.3 

3.6 

4,0 

4,9 


25,54 

24,82 

25.05 

23,96 

26,60 


17155 

18017 

21642 

23610 

20393 


610,0 

640,7 

769,6 

1058,4 

1078,8 


4.22 
3,98 

4.23 

4.63 

5.64 


31.23 

30,02 

29,63 

27,41 

36.92 


81,8 

82,7 

64,6 

87,4 

66.0 


4,24 

4.71 

4.23 

3.87 

3.17 


4X4.4 

40^,7 

421.4 
415,6 

413.5 


BOILE 


RPRESIfURa  180 


Table  V. 

Superheater  in  use.  Steam  pressure  180  pounds. 
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M.  F.  994  A-Siztb  Sheet  11.9.IO 

Pennsylvania  Railroad  Company  , ^ 

LOPOMOTIVP  • Philadelphia.  Beltimor#  4 Waefciaaleii  Railroad  Company  NO,13 

I ivc.  • Nonhera  Control  Railway  Company  - 

type  Wert  Jeriey  4 See.hor*  Reilreed  CompMy . FUEL  UanilSOIl 

CLASS  Hfib^  iiL.C^rlinder8  oeP-ARnTMCN-r  Coal 

NUMBER  2846 Average  Results  of  Locomotive  Tests 

SUBJECT ; &aokebo5t  Siiperheeter»Trial8  With  Saturated  Steam  Altoona.  Pa.,  4-17-1909 

TEST 

NUMBER 

RUNNING  CONDITIONS  ! 

II  BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Tost, 

Hoars 

Milos 

per 

Hour 

Throttte 

Opening, 

Fuller 

Partlil 

Actual 

Cut-off 

Per  C*ii, 

H.  P, 
Cylinders 

kooke- 
. box 
)egreea 
P 1 

1 Pressure 

1 In  Boiler, 

1 Lbs.  por 

1 Sq.  Inch 

Draft 

In 

Smoho  Boi, 
Inches 
of  Water 

Draft 

la 

Ash  Pan, 
Inchoi 
of  Water 

Calorifc 
Value 
of  Dry 

Fool, 

B.T.U.ptrLb. 

Cinders 

Colloctcd  in 

Smoke  Bo«, 

Pounds 
per  Hour 

LP.aCfl^flTmitte 

196 

199 

203 

268  to  27t 

217 

222 

225 

248 

238 

1329 

1330 

1331 

80-30-i? 

80-10-7 

100-16-P 

2 

2 

2 

13.34 

13.34 

16.67 

Fall 

II 

•> 

28,6 

35.1 

48,0 

520 

540 

428 

180.7 

181.3 

177,5 

2.2 

2.9 

4.7 

.1 

.1 

.2 

13697 

13697 

13697 

76 

100 

189 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PERFORMANCE 

Dry  Fuel 
Fired 
per  Ho(jr, 
PoUMli 

DiyFuel 
per  Hour. 
Pomds  por 
Sq.  Ft  of 
Onto 

Water 
Dellvorcd 
to  Boiler, 
Pounds 
por  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F..  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofE.) 

Efficiency 
of  Boiler, 
Based 

Fuel 

Pressure 

in 

Branch  Pipe, 
Pouods 
por  Sq.  In. 

Superheat 

In 

Branch 

Pipe 

Digroos  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fire 
Heatinq  Sur, 

Per 

Pound 

of 

Dry  Fuel 

338 

330 

340 

344 

345 

347 

349 

3S0 

220 

230 

1329 

1330 

1331 

2471 

3179 

4613 

50,74 

65.26 

94,72 

19553 

23481 

31448 

23662 

28446 

38066 

9,44 

11.35 

15.19 

9.56 

8,95 

8.25 

605.9 

824.5 

1103.4 

67.55 

63.11 

58,17 

178.5 

178.6 

176.7 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PEI 

MFORMANCe 

TEST 

NUMBER 

Dry  Steam 
to 

Eagints, 
Pounds 
por  Hour 

lodkatod 

Nona 

Po*r 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Sletm 
per 

Indicated 

ilorso 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
por 

Oynamooi. 

Horsa 

Pewar  Hoar 

Pounds 

Machine 

Efficion<5 

of 

Laeomothw, 

' Por  Cent 

TWraal 

Eadooey 

of 

Uomathio, 
per  Cent, 

..  tS^onfne!) 

Terajr-dr 

Steam  In 
branch 

3}sir|ls 

214 

3-^9 

380 

381 

266 

383 

334 

385 

393 

899 

1329 

1330 

1331 

19238 

23169 

31030 

770,2 

942.6 

1206,2 

1 

3,2 

3,4 

3,8 

BOI 

24.98 

24,58 

25.73 

LEF 

; PR 

17799 

22377 

23398 

pss 

632.9 

795.7 

1040.0 

JRE 

3,9 

4.0 

4,4 

18 

30, 4( 
29.12 
29,8/5 

) 82.2 
! 64.4 
t 66.2 

4,76 

4,66 

4.18 

374.0 
373,8 

372.0 

Table  VI. 

Tests  with  superheater  removed.  Steam  pressure  180  pounds. 
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Fig.  14. 

STEAM  PER  INDICATED  HORSE-POWER. 

Boiler  pressure  180  pounds.  There  is  no  saving  by  superheating  under  these  conditions. 
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Fig.  15. 

STEAM  PER  DYNAMOMETER  HORSE-POWER. 
Boiler  pressure  180  pounds. 
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Fig.  16. 

COAL  PER  INDICATED  HORSE-POWER. 
Boiler  pressure  180  pounds. 
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Fig.  17. 

COAL  PER  DYNAMOMETER  HORSE-POWER. 

Boiler  pressure  180  pounds.  There  is  no  saving  in  coal  with  this  boiler  pressure. 
The  superheat  ranged  from  27  to  48  degrees. 
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39.  The  ratio  of  the  mean  effective  pressures  when  each 
locomotive  cuts-off  at  about  36  per  cent,  is  1.59  when  the  pressure 
is  160  pounds.  When  the  pressure  is  raised  to  180  pounds, 
this  ratio  becomes  1.38. 

40.  At  100  revolutions  and  50  per  cent,  cut-off,  the  drawbar 
pull  of  the  superheater  locomotive  is  23135  pounds  with  160 
pounds  pressure,  while  for  the  same  speed  and  cut-off  much 
shorter,  or  about  46  per  cent.,  the  pull  for  the  H6b  at  205  pounds 
is  25659  pounds. 

Baffling  Action  of  Superheater. 

41.  In  Figs.  18  and  19  the  curves  show  the  draft  conditions 
with  this  superheater  locomotive,  with  the  superheater  in  place 
and  with  the  superheater  removed. 

42.  From  the  curves  for  160  pounds  pressure,  which  was 
normal  pressure  for  this  locomotive,  it  is  very  evident  that  the 
superheater  obstructed  the  passage  for  the  smokebox  gases  when 
the  locomotive  is  forced  to  its  maximum  capacity,  and  this  con- 
dition is  found  when  the  draft  in  firebox  is  practically  the  same 
whether  the  superheater  is  in  place  or  not.  This  action  means 
that  the  draft  was  reduced  in  return  for  superheating. 

43.  At  180  pounds  pressure  the  increased  draft  in  front  of 
the  superheater  is  not  quite  so  great,  but  it  is  considerable.  This 
obstruction  presented  by  the  superheater  undoubtedly  caused 
the  lowering  of  the  maximum  boiler  capacity.  Whether  or  not 
this  loss  of  draft  could  be  eliminated  and  still  obtain  the  super- 
heat in  the  steam,  is  a question  that  cannot  be  determined  from 
the  data  of  the  tests.  A number  of  changes  were  made  in  the 
smokebox  arrangement  to  overcome  as  much  of  this  loss  of  draft 
as  was  possible,  without  very  materially  changing  the  whole 
scheme. 

Indicator  Diagrams  from  the  Two  Locomotives. 

44.  In  Figs.  20  and  21  indicator  diagrams  are  shown  for 
locomotive  2846  with  superheated  and  with  saturated  steam. 
It  is  very  probable  with  so  low  a superheat,  that  the  steam  has 
parted  with  all  of  it  before  the  point  of  cut-off  is  reached,  and  is 
in  fact  saturated  steam  for  the  expansion  and  compression  period, 
and  as  would  be  expected,  the  diagrams  are  as  nearly  as  possible 
alike. 


35 


Fig.  18. 

DRAFT  AND  EVAPORATION,  160  POUNDS  PRESSURE. 

The  draft  in  front  of  diaphragm  is  the  draft  between  the  superheater  and  the  stack.  With  the  superheater 
■?  n place  in  the  smokebox,  the  draft  or  vacuum  in  front  of  it  is  much  increased  over  what  it  is  with  the  superheater 
removed.  The  draft  in  the  firebox  remaining  the  same  under  either  condition. 


36 


Fig.  19. 

DRAFT  AND  EVAPORATION.  180  POUNDS  PRESSURE. 

This  shows  the  higher  draft  in  front  of  the  superheater,  but  to  a less  extent  than  in  Fig.  18. 
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Pennsylvania  Railroad  Company 

Bui.i.&riN  No.l'S 


LOCOMOTIVE. 

TYPC  2.-B-0 

CLASS  TEST  DEPARTMENT 

NUMsen 


LOCOMOTIVE  Testing  Plant 

SUBJECT  SMOKe.e>OlL  SOtPe.W,HE.ATE.R. 


ALTOOMA,  PA  A- R- OS 


c:>r\_n^oe.ci 


-re.^’T  r>lo.  1-301  ^0-30-F* 

VZ  .T5A  MlUCS  MOLIW. 


Fig.  20. 

TYPICAL  INDICATOR  DIAGRAMS. 
Superheated  Steam  at  160  pounds  pressure. 
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LOCOMOTIVE. 

TYPC  2-S-O 
CLASS  HSa, 
NUMBER 


Pennsylvania  Railroad  Company 

TEST  DEPARTMENT 


Lcx:oMOTivE  Testing  Plant 

SUBJECT  £>MOKeSOX 


BwLJ-ETm  No.  IS 


ALTOONA.  PA.^-S-03 


3ATORATEO 

S“re.Ar^ 

UBS 


"res”T  r^o. 


4a>0  — 30  — F“ 


MIwCIb  HO>./n 


Fig.  21. 

TYPICAL  INDICATOR  DIAGRAMS. 

Saturated  steam  at  160  pounds  pressure.  These  diagrams,  except  for  superheat,  were  made  under  the 
same  conditions  as  those  shown  in  Tig.  20.  There  is  little  or  no  difference  in  the  form  of  diagram  for  superheated 
and  saturated  steam. 
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45.  There  is  noticeable  in  this  locomotive  a very  decided 
drop  in  pressure  during  admission.  This  fact  may  account, 
largely,  for  the  low  drawbar  pull  of  the  locomotive  as  compared 
with  the  H6b  class.  The  valves  and  ports  of  the  two  locomotives 
are  the  same.  The  difference  between  the  cylinders  is  in  diameter 
of  cylinder  only. 

46.  In  Fig.  22  indicator  diagrams  for  the  two  locomotives 
are  shown.  For  the  H6b  class  2860,  with  205  pounds  pressure 
the  indicator  spring  scale  is  140  pounds  per  inch,  while  for  No. 
2846  superheater  with  160  pounds  pressure,  the  scale  is  120  pounds 
per  inch. 

47.  The  admission  line  for  the  2860  is  better  maintained  than 
for  the  superheater  locomotive  and  the  compression  is  much  less. 
The  result  being  a higher  mean  effective  pressure  for  the  regular 
H6b  locomotive. 


Like  of  Superheater. 

48.  The  superheater  was  removed  from  this  locomotive  in 
April,  1913,  and  the  tubes  were  found  to  be  so  badly  corroded 
as  to  be  unfit  for  further  service.  The  life  that  may  be  expected 
then,  with  this  form  of  superheater,  is  about  four  years. 
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LOCOMOTIVE 
TYPE  2:-a-o 
CLASS  H&B 

NUMBER  sa><E>o 


Pennsylvania  Railroad  Company 

TEST  DEPARTMENT 


LOCOMOTIVE  Testing  Plant 
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SU  He  ATTH-O 

Telst  PHo.  \30‘2.  U.oeO.  YSo.2L&Ae  ©.O-AO-F* 


Fig.  22. 

TYPICAL  INDICATOR  DIAGRAMS. 

H6b  locomotive  and  saturated  steam  with  cylinders  22  x 28  inch  and  H6b  locomotive  and  superheated 
steam  with  cylinders  25  x 28-inch. 
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Average  Results  of  Locomotive  Tests 


Altoona,  Pa.,  5-24-1909 


RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Tael, 

Hoars 

Milas 

par 

Hour 

Throttle 

Opening, 

Fuller 

Partial 

1 Actual 

Cut.aff 

PorCaat, 

H.  P. 
Cylinders 

hnoke- 

box 

)egreeE 

P. 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

la 

Snwke  Boi, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
lactws 
of  Water 

Calan'fic 
Value 
of  Dry 

Fuel, 

B.T.  U.  per  Lb. 

Cinder. 
Collactad  In 

SmaAa  Box, 
Pounds 
pat  Hoar 

1 P.  I.  CaNII  TkraWe 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

1200.276 

80-20-F 

2. 

25 

13. 

0 

Pull 

19.2 

605 

204,6 

1.3 

.1 

13176 

21 

1200.271 

80-30-F 

3, 

0 

13. 

0 

vv 

31.4 

676 

204,6 

2,6 

.1 

13176 

26 

1200.272 

80-40-F 

2. 

5 

13. 

0 

n 

38.9 

718 

204,8 

3.4 

• 1 

13176 

31 

1200.274 

100-45-F 

2. 

0 

16.25 

H 

45.7 

789 

204,2 

5,5 

.2 

14137 

104 

1200.275 

120-40 

-F 

2. 

0 

19. 

5 

M 

38,9 

784 

204,5 

5.2 

.2 

14137 

79 

1200.273 

120-4 5-F 

1. 

0 

19. 

5 

n 

45,7 

604 

184,7 

6.2 

•2 

13176 

337 

BOILER  PERFORMANCE 

ENGINE  PERFORMANCE 

TEST 

Dry  Fuel 

Ory  Fuel 

Water 

Delivered 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212«>  F.,  POUNDS 

Boiler 

Eflclency 
of  Boiler, 
Bated 
oe 

Fuel 

Pressure 

in 

Superheat 

lo 

NUMBER 

Fired 
par  Hour, 
Pounds 

Poandi  par 
S4.FLof 
Gnda 

to  Bollar, 
Poands 
par  Hour 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heatinx  Sur. 

Per 

Peand 

ef 

Dry  Fuel 

Horse 

Poorer 

(34>iU.ofE.) 

Branch  Pipe, 
.Peuadt 
per  Sq.  la. 

Branch 

Pipe 

D»gro«  F, 

336 

339 

340 

344 

345 

347 

349 

360 

1 220 

230 

1200, 27f 

1734 

35, 

64 

13890 

16669 

6.65 

9.61 

483.2 

70,44 

1200,271 

2593 

53.29 

19628 

23750 

9.48 

9.16 

688.4 

67,14 

1200.272 

3289 

67,57 

24036 

29104 

11.62 

8.85 

843.6 

64,67 

1200.274 

5092 

L04.65 

31731 

38409 

15,33 

7.54 

1113,3 

51,51 

1200,275 

4950 

101.73 

31111 

37632 

16,02 

7.60 

1090,7 

51.92 

1200.273 

5738 

117.92 

33141 

40038 

15.98 

6.98 

1160,5 

51,16 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

1 Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynimofli, 

Horse 

Power  Hour, 
Pounds 

Machiat 

Efficiency 

of 

Locomotive, 
Per  Cent 

Thermal 

EfSdeiKy 

of 

lacometivo, 

perCoBt, 

(BasadonFuel) 

214 

379 

380 

381 

I 266 

383 

384 

386 

398 

399 

1200,276 

13061 

520,2 

3,3 

26,11 

12014 

428.5 

4,1 

30,48 

82.4 

4,75 

1200,271 

19367 

817.6 

3,2 

23.71 

20234 

701,4 

3.7 

27,64 

85.8 

5,22 

1200,272 

23723 

963.5 

3.4 

24,62 

24526 

850,2 

3,9 

27.90 

88.2 

4.99 

1200,274 

31347 

1248,9 

4.1 

25.10 

25659 

1111,8 

4.6 

28.19 

89,0 

3.93 

1200,275 

30723 

1252.8 

4.0 

24.52 

20998 

1091.6 

4.5 

28,14 

87,1 

3,97 

1200,273 

32740 

1258,8 

4.6 

26.01 

21509 

1118,4 

5.1 

29.27 

88,8 

3,77 

B 

DILI 

:rf| 

RES 

SUF 

;e 

205 

Table  VII. 

Tests  of  a class  H6b  locomotive  using  saturated  steam.  Cylinders  22  x 28  inch. 
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Fig.  23, 

The  evaporation  per  pound  of  coal  for  the  saturated  and  superheated  steam  locomotives  2860  and  2846. 
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Fig.  24. 

STEAM  PER  INDICATED  HORSE-POWER. 

The  saturated  and  superheated  steam  locomotives  compared.  There  is  little  or  no  difference  in  the 

steam  used. 
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Fig.  25. 

STEAM  PER  DYNAMOMETER  HORSE-POWER. 
The  saturated  and  superheated  steam  locomotives  compared. 
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Fig.  26. 

COAL  PER  INDICATED  KORSE-POWER. 

There  is  no  difference  to  be  noted  between  the  two  locomotives. 
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Fig.  27. 

COAL  PER  DYNAMOMETER  HORSE-POWER. 
No  saving  can  be  found  from  this  diagram. 
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Discussion  by  Dr.  Goss. 

49.  After  the  smokebox  superheater  tests  were  completed, 
the  report  upon  them,  as  embodied  in  the  earlier  Bulletin  No.  17, 
was  submitted  to  Dr.  W.  F.  M.  Goss,  Dean  of  the  College  of 
Engineering,  University  of  Illinois,  for  his  comments  and  criti- 
cisms. Dr.  Goss’  discussion  follows: 

A DISCUSSION  OF  THE  DATA  PRESENTED 
BY  THE  REPORT. 

2.  “ The  Report  deals  with  tests  of  ‘H6b’  locomotive  No.  2846  equipped 
with  a smokebox  superheater,  with  tests  upon  the  same  locomotive  with  the 
superheater  removed,  and  with  tests  upon  ‘H6b’  locomotive  No.  2860  de- 
signed for  saturated  steam,  together  with  certain  comparisons  and  discussions 
of  results. 

3.  ^*The  Methods  employed  in  conducting  the  tests  leave  nothing  to  be 
desired ; the  results  are  consistent  and  are,  I believe,  to  be  accepted  as  reflect- 
ing truthfully  the  actual  performance  secured  under  the  several  conditions 
described.  The  following  discussion  deals  with  matters  not  esp>ecially  em- 
phasized by  the  report,  and  which  may  therefore  be  accepted  as  supplementing 
the  discussions  therein  presented. 

4.  “T/ie  Effect  of  Reducing  Pressure  upon  Locomotives  Using  Saturated 
Steam  is  disclosed  by  the  results  obtained  from  locomotive  No.  2846  after  its 
superheater  had  been  removed,  in  comparison  with  results  from  No.  2860. 
The  steam  per  horse  power  hour  for  the  two  locomotives  is  as  follows: 


Designation  No.  2846  No.  2860 

of  Cylinders  25-in.  dia.  Cylinders  22-in.  dia. 

Test.  Pressure  160  lbs.  Boiler  Pressure  205  Ws. 

80-30-F  27.12  23.71 

80-4(>-F  26.34  24.62 

100-45-F  26.36  25.10 


Average 26 .61  24.48 


Difference 2 . 1 


“The  Purdue  tests  under  different  pressures  (‘High  Steam  Pressures  in 
Locomotive  Service,’  published  by  the  Carnegie  Institution  of  Washington) 
give  steam  consumption  as  follows: 


Boiler  pressure  160,  steam  per  h.p.h 26.6 

Boiler  pressure  200,  steam  per  h.p.h. 25.5 

Difference 1 . 1 
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“It  will  be  seen  that  the  consumption  of  the  P.  R.  R.  locomotive  is  not 
greater  than  that  of  the  Purdue  locomotive  at  160  pounds  pressure,  but  it  is 
less  at  the  higher  pressure.  The  P.  R.  R.  experiments  as  disclosed  by  the 
report  before  me  show  an  incresed  water  consumption  of  8 per  cent,  when  the 
pressure  is  reduced  from  205  pounds  to  160.  The  difference  in  heat  consump- 
tion is,  of  course,  less  than  this,  though  for  some  reason  not  explainable  from 
the  data,  the  difference  in  fuel  consumption  is  greater.  I would  call  attention 
to  the  fact  that  in  the  experiments  under  discussion  the  reduction  in  boiler 
pressure  (45  pounds)  is  considerable,  and  the  loss  in  efficiency  is  sufficiently  small 
to  sustain  my  conclusions  based  on  Purdue  experiments,  namely,  that  160 
pounds  is  a good  and  satisfactory  pressure  for  a simple  locomotive,  and  that 
when  the  limit  of  200  pounds  has  been  reached  it  is  better  to  make  boilers 
larger  rather  than  stronger.  There  is,  therefore,  nothing  disconcerting  or 
unexpected  in  the  results  obtained  with  saturated  steam  under  different 
pressures  as  disclosed  by  the  data  in  hand. 

5.  “ The  Smokebox  Superheater  with  which  No.  2846  was  equipped,  sup- 
plied the  cylinders  with  steam  superheated  to  varying  degrees  depending 
upon  the  running  conditions;  at  low  power  it  was  something  over  20  degrees, 
the  maximum  was  less  than  60,  and  the  average  probably  not  far  from  40 
degrees.  These  values,  if  considered  as  results  obtained  from  waste  gases 
alone,  as  was  the  case,  are  good,  but  in  view  of  the  fact  that  200  degrees  super- 
heat is  not  uncommon  in  locomotive  service,  it  would  be  a mistake  to  assume 
that  the  performance  of  No.  2846  may  be  accepted  as  representative  of  that 
which  may  be  obtained  through  the  adoption  of  superheating  as  a principle 
in  the  development  of  locomotive  design. 

6.  “Notwithstanding  the  limitations  referred  to  in  the  preceding  para- 
graph, the  results  constitute  a remarkable  tribute  to  the  value  of  superheating. 
They  show  that  the  superheating  locomotive  (No.  2846)  with  its  25-inch  cyl- 
inders and  160  pounds  boiler  pressure  gave  the  same  cylinder  efficiency  as 
was  obtained  from  the  saturated  steam  locomotive  (No.  2860)  with  its  22-inch 
cylinders  and  205  pounds  boiler  pressure.  So  far  as  economic  performance 
is  concerned,  the  superheater  was  entirely  sufficient  to  prevent  loss  when  the 
pressure  was  reduced  from  205  pounds  to  160  pounds.  Obviously,  a super- 
heater which  would  have  given  a higher  degree  of  superheat  would  have  per- 
mitted a similar  reduction  in  pressure,  and  at  the  same  time  given  an  increase 
in  cylinder  efficiency.  These  are  significant  statements;  they  are  sustained 
by  the  results  of  the  tests,  and  are,  I believe,  sufficiently  conservative  to  be 
easily  subject  to  verification. 

7.  Power. — In  one  respect  only  are  the  results  obtained  from  the  low 
pressure  (160  pounds)  superheating  locomotive  No.  2846  disappointing  when 
compared  with  those  obtained  from  the  high  pressure  (205  pounds)  saturated 
steam  locomotive  No.  2860;  namely,  with  respect  to  its  output  of  power. 
An  analysis  of  the  data,  however,  shows  that  this  result  is  in  part  apparent 
only,  and  it  is  in  part  an  outgrowth  of  certain  characteristics  of  the  locomotive 
tested.  It  is  one  which  should  not  be  interpreted  as  vitiating,  or  even  as 
modifying,  any  general  conclusions  favorable  to  the  use  of  superheated  steam  at 
moderate  pressures  which  may  have  been  based  on  tests  of  other  locomotives. 
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The  comparatively  low  power  developed  by  No.  2846  is  due  (1)  to  a difference 
in  steam  distribution  resulting  from  the  change  in  pressure  (see  Par.  44  to  47, 
of  report),  and  (2)  to  the  interference  with  the  draft-action  resulting  from 
the  presence  of  the  superheater.  The  advantage  of  a comparatively  low 
degree  of  superheat  proved  insufficient  to  offset  losses  in  power  arising  from 
these  causes. 

8.  Steam  Distribution. — Referring  to  the  changes  in  steam  distribution 
and  their  effect  upon  power,  the  following  facts  are  to  be  noted. 

“In  anticipation  of  the  tests  the  low-pressure  superheating  locomotive 
was  given  cylinders  larger  than  those  of  the  higher  pressure  saturated  steam 
locomotive,  the  increase  in  cylinder  volume  being  in  inverse  proportion  to 
the  reduction  in  pressure. 

Thus — 

Number  of  locomotive 

Pressure 

Cylinder  diameter 


Ratio  of  pressure 1 to  1.28 

Ratio  of  cylinder  volume 1.29  to  1 


“Ports  and  port  openings  were  presumably  the  same  for  both  engines, 
and  it  is  clear  from  the  data  that  the  effect  of  supplying  cylinders  of  different 
volumes  through  ports  of  the  same  dimensions  was  so  slight  that  differences 
in  results  arising  from  this  cause,  are  hardly  measureable.  The  locomotives 
involved  were,  in  fact,  admirably  proportioned  for  the  comparative  tests  in 
which  they  were  employed.  It  appears  to  have  been  assumed,  however, 
that  two  locomotives  thus  proportioned,  when  operated  at  the  same  cut-off, 
would  develop  the  same  power;  that  for  equal  cut-offs  the  M.E.P.  would  be 
directly  proportioned  to  the  boiler  pressure,  hence  the  locomotives  would  give 
the  same  indicated  horse-power  and  the  same  pull  at  the  drawbar.  The 
results  do  not  sustain  this  assumption,  and  it  would  be  easy  to  imply  from 
them  that  in  so  far  as  they  fail  to  do  so,  there  is  failure  of  the  system  of  design 
which  is  represented  by  locomotive  No.  2846.  The  real  fact  is  that  the 
assumption,  while  a perfectly  natural  one,  is  not  well-grounded.  A correct 
interpretation  of  the  experimental  results  so  far  as  they  relate  to  cylinder  or 
drawbar  power,  merely  emphasizes  this  fact.  The  results  rightly  interpreted 
do  not  prove  the  superheating  locomotive  to  be  deficient  in  cylinder  power. 
The  reason  that  the  fundamental  assumption  with  respect  to  cylinder  power 
underlying  the  plan  of  the  tests  is  not  well-grounded  will  be  apparent  from 
the  following  considerations;  As  the  range  of  pressure,  under  which  a loco- 
motive is  worked,  is  diminished,  other  things  remaining  unchanged,  the 
indicator-cards  become  more  and  more  ‘Lean,’  that  is,  the  change  in  M.E.P. 
is  greater  than  the  change  in  initial  pressure.  Such  a result  may  be  surmised 
by  an  inspection  of  cards  given  in  Fig.  22  of  the  report;  it  would  be  better 
shown  by  plotting  any  two  cards  from  the  same  or  similar  engines  which 
represept  the  same  ciit-off  but  different  initial  pressures,  so  that  both  will 
have  the  same  total  height.  The  reason  is  to  be  found  in  the  fact  that  the 
lower  the  initial  pressure,  the  greater  the  volume  per  pound  of  steam  admitted 


2846  2860 

160  205 

25  22 
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and  the  slower  the  velocity  with  which  it  enters:  that  is,  there  are  two  factors 
which  operate  to  reduce  the  weight  of  steam  admitted  when  the  initial  pressure 
is  reduced. 

9.  Concerning  Test  Conditions. — It  is  obvious  from  the  discussion  of 
the  preceding  paragraph,  that  the  two  locomotives  experimented  upon,  pro- 
portioned and  operated  as  described,  could  not  develop  the  same  cylinder 
power,  that  in  the  comparison  the  low-pressure  superheating  locomotive  was 
bound  to  appear  at  a disadvantage,  and  hence  the  fact  that  the  results  actually 
show  it  to  be  less  powerful  should  not  constitute  a source  of  disappointment. 

10.  Proposed  Basis  of  Comparison. — A better  basis  for  comparison 
would  probably  have  been  had  if  the  tests  up)on  the  two  locomotives  had  been 
run  at  such  cut-off  as  would  have  resulted  in  approximately  equal  cylinder 
power  instead  of  at  equal  cut-off.  An  additional  reason  for  such  a basis  is 
to  be  found  in  the  fact  that  for  best  results  the  cut-off  should  be  lengthened 
as  the  pressure  is  reduced.  It  should  be  understood  that  this  suggestion  is 
not  offered  in  criticism  of  anything  that  has  been  done;  it  becomes  easy  to 
offer  it  after  what  has  been  done.  It  is  probable  that  an  attempt  to  bring 
power  of  No.  2846  up  to  that  of  No.  2860  would  have  developed  trouble  in 
maintaining  the  steam  supply,  but  by  so  doing  the  one  unfavorable  factor 
in  the  action  of  No.  2846  would  have  been  located  and  an  opportunity  would 
have  been  afforded  whereby  its  significance  might  have  been  judged. 

1 1 . “The  Superheater  as  a Limiting  Factor  upon  Boiler  Capacity  constitutes 
a subject  which  may  profitably  be  elaborated  from  the  results  of  the  tests. 
It  is  to  be  noted  first  that  the  degree  of  superheat  obtained  from  the  super- 
heater was  too  slight  materially  to  increase  the  amount  of  heat  delivered  by 
the  boiler.  Of  all  the  heat  delivered  to  the  branch-pipes,  the  superheater 
was  responsible  for  between  one  and  two  per  cent.  On  the  other  hand,  the 
presence  in  the  smokebox  of  the  superheater  and  baflaing  associated  with  it 
constitutes  a serious  hindrance  to  the  draft  and  operates  to  keep  down  the 
capacity  of  the  boiler.  The  extent  of  its  influence  may  be  judged  from  the 
following  values  which  are  drawn  from  the  report.” 


Draft 

Equivalent  Evaporation  Pounds  per  Hour 

Superheating  Locomotive 

Superheating  Locomotive 
Without  Superheater 

1.5 

19,600 

1.9 

21,300 

2.1 

24,000 

2.5 

26,000 

4.0 

31,300 

4.7 

40,200 

6.9 

36,500 

7.8 

39,600 

This  shows  that  without  the  superheater  a draft  of  4.7  inch  was  sufficient 
to  evaporate  more  than  40,000  pounds  of  water  an  hour,  while  with  it  a draft 
of  7.8  inch  proved  insufficient  to  evaporate  this  amount.  Herein  is  to  be 
found  the  most  serious  question  concerning  the  performance  of  locomotive 
No.  2846  which  is  raised  by  the  data  of  the  report  that  has  been  placed  before 
me  for  review. 
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A summary  of  my  more  important  conclusions  is  as  follows: 

(а)  That  the  low-pressure  superheating  locomotive  operates  with  sub- 
stantially the  same  economy  as  the  high  pressure  saturated-steam  locomotive. 

(б)  That  while  the  cylinder-power  and  the  drawbar  pull  developed  by 
the  low  pressure  superheating  locomotive  are  lower  than  those  developed  by 
the  high-pressure  saturated-steam  locomotive,  the  results  do  not  represent 
the  actual  relative  capacity  of  the  two  engines;  there  is,  in  fact,  no  real  evi- 
dence that  the  low-pressure  superheating  locomotive  is  deficient  in  cylinder- 
power  or  drawbar  pull  when  compared  with  the  high-pressure  saturated- 
steam  locomotive. 

(c)  The  maximum  boiler  capacity  of  the  low-pressure  superheating 
locomotive  is  below  that  of  the  high-pressure  saturated  steam  locomotive, 
and  hence  at  its  hmit  the  superheating  locomotive  is  less  powerful  than  the 
saturated  steam  locomotive,  but  the  limiting  factor  is  boiler  not  cylinder 
capacity. 

(d)  Boiler  capacity  in  the  superheating  locomotive  is  impaired  by  the 
presence  of  the  superheater  and  its  baffling  which  interferes  with  the  draft 
action. 

(e)  There  is  nothing  in  the  results  which  should  be  interpreted  as  dis- 
counting the  principle  that  low-pressure  superheated  steam  may  be  substi- 
tuted for  higher-pressure  saturated  steam,  without  loss  in  efficiency  or  power. 

(/)  The  results  justify  raising  the  question  as  to  whether  the  increase 
in  economy  obtained  from  the  use  of  the  superheater  is  worth  the  loss  in  boiler 
capacity  which  the  presence  of  the  superheater  entails.  This  is  a question 
not  of  principle,  but  one  which  concerns  the  merits  presented  by  the  design  of 
the  particular  locomotive  tested. 


Respectfully  submitted, 

W.  F.  M.  GOSS. 


50.  A large  number  of  tests  with  various  cylinder  sizes, 
piston  speeds  and  boiler  pressures  with  and  without  superheater, 
would  be  necessary  to  establish  the  fact,  “ that  low  pressure  super- 
heated steam  may  be  substituted  for  higher  pressure  satiurated 
steam  without  loss  in  efficiency  or  power”  (summary  e). 

51.  Such  an  extended  series  of  experiments  would  not  be 
justified  for  the  following  reasons: 

I.  — ^The  conclusions  quoted  above  appear  to  assume  that  all 
mechanical  difficulties  now  causing  a drop  in  pressure  between 
the  boiler  and  cylinders,  and  the  failure  of  draft  appliances  to 
fully  meet  the  needs  of  the  boiler  and  the  grate  for  burning  coal, 
can  be  overcome  with  this  form  of  superheater. 

II.  — ^The  application  of  a smokebox  superheater  has  been 
shown  here  to  have  serious  disadvantages  as  suggested  in  the 
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above  paragraph  and  these  tests  confirm  the  criticisms  by  Garbe* 
when  discussing  the  amount  of  superheat  obtained  by  this  type 
of  superheater,  where  he  says:  “The  blocking  up  of  the  smokebox 
and  the  tube  plate  on  the  smokebox  side  is  an  objectionable 
feature  in  superheaters  of  this  type”  * * * “ as  the  results  ob- 
tained stand  in  no  relation  to  the  extra  trouble  and  cost  involved 
in  their  adoption.” 

III.  — The  substitution  of  the  suggested  lower  boiler  pres- 
sure when  superheating  with  the  necessary  proportionally  larger 
cylinders  raises  the  question  whether  the  cylinder  performance, 
in  consumption  of  steam,  would  be  as  economical  as  with  smaller 
cylinders  and  high  pressure. 

IV.  — The  scheme  embodied  in  this  locomotive,  namely:  a 
reduction  in  the  boiler  pressure  and  an  increase  in  the  cylinder 
size,  may  be  seriously  questioned  on  account  of  the  right  of  way 
restrictions  limiting  the  spread  of  the  cylinders  and  the  serious 
increase  in  weight  of  reciprocating  parts  made  necessary  by  the 
larger  cylinders.  For  these  two  reasons,  it  hardly  seems  advisable 
to  exploit  lower  boiler  pressures  in  view  of  the  physical  restric- 
tions which  now  surround  the  locomotive  designer. 

V.  — The  lowering  of  the  boiler  pressure  when  applying  a 
superheater,  it  has  been  assumed,  would  be  justified  by  a decrease 
in  boiler  maintenance  cost.  We  have  no  figures  to  indicate  that 
there  would  be  any  gain  in  boiler  maintenance  by  such  a reduc- 
tion of  the  pressure  and  it  is  difficult  to  understand,  if  a uniform 
stress  is  applied  to  the  material  entering  into  the  construction  of 
boiler,  that  there  should  be  any  material  difference  in  cost  of  main- 
tenance, regardless  of  the  pressure,  within  certain  reasonable 
limits. 


Cyunder  Drainage  Tests. 

52.  The  tests  of  the  Baldwin  superheater  locomotive  No. 
2846  indicated  that  there  was  a considerable  loss  due  to  cylinder 
condensation,  especially  when  this  locomotive  with  large  cylinders 
was  operated  without  the  superheater  on  saturated  steam. 

53.  This  locomotive  has  cylinders  25  inches  in  diameter 
instead  of  the  regular  22  inches  of  the  H6b  class. 


* “The 'application  of  Superheated  Steam  to  Locomotives,”  by  Robert 
Garbe. 
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54.  It  has  been  thought  that  if  the  moisture  from  condensa- 
tion could  be  quickly  removed  from  the  bottom  of  the  cylinder, 
where  it  was  supposed  to  accumulate,  that  the  dryer  surfaces 
produced  would  decrease  the  range  of  cylinder  temperature  and 
improve  the  performance  in  water  rate. 

55.  To  try  the  effect  of  draining  the  bottom  of  the  cylinder 
during  the  whole  stroke,  the  cylinder  cocks  were  removed  and 
pipe  nipples  screwed  in.  Over  the  end  of  each  of  these  nipples  a 
pipe  cap  was  placed.  The  pipe  caps  had  holes  drilled  in  them 
for  an  outlet  to  the  atmosphere. 

56.  For  the  tests  on  locomotive  No.  2846  the  outlets  used 
were  i and  ^ inch  in  diameter,  for  the  tests  at  160  pounds 
pressure.  These  tests  were  made  at  80  revolutions  (13  miles  per 
hour)  and  a cut-off  of  40  per  cent.,  and  one  of  them  afterward 
repeated  with  a boiler  pressure  of  205  pounds. 

57.  The  results  of  the  drainage  tests  of  the  locomotive  with 
25-inch  cylinders  without  superheater,  are  shown  in  Table  VIII 
and  Figs.  28  to  30.  It  will  be  seen  that  with  the  drain  holes  in  the 
cylinders,  the  weight  of  steam  used  by  the  engine  is  not  more,  but 
considerably  less,  than  without  the  outlets  and  that  holes  as  large 
as  ^ inch  in  diameter  show  an  economy  in  steam. 

58.  At  a boiler  pressure  of  160  pounds,  about  10.5  per  cent, 
more  steam  is  used  by  the  undrained  cylinders.  This  is  for  the 
total  quantity  of  steam  used. 

59.  The  horse-power  of  the  locomotive  is  not  decreased  by 
the  openings,  and  about  12.9  per  cent,  more  steam  is  used  by  the 
undrained  cylinders  per  indicated  horse-power. 

60.  The  discharge  from  the  drain  holes  was  a white  vapor, 
evidently  water,  with  a temperature  high  enough  to  cause  it  to' 
vaporize  as  it  escaped  into  the  lower  pressure  of  the  atmosphere. 


Tests  on  H6b  Class  Locomotive  No.  2860. 

6 1 .  As  the  results  of  draining  the  large  cylinders  of  locomo- 
tive No.  2846  were  encouraging  in  showing  a considerable  saving 
in  steam,  a series  of  tests  was  made  on  saturated  steam  locomotive 
No.  2860,  a regular  H6b  class,  with  22-inch  cylinders  and  a boiler 
pressure  of  205  pounds. 
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62.  The  tests  were  made  with  orifices  of  six  different  sizes 
in  the  cylinders  varying  from  ^ inch  to  ^ inch  diameter.  The 
tests  were  made  at  cut-offs  of  30  and  40  per  cent,  at  80  revolutions 
per  minute  and  at  45  per  cent,  cut-off  at  100  revolutions  per  minute. 
The  same  kind  of  coal  was  used  in  all  of  the  tests  on  No.  2860  and 
the  tests  were  run  for  one  hour  at  80  revolutions  and  one-half 
hour  at  100  revolutions  per  minute.  It  was  impossible  to  make 
tests  for  one  horn*  at  100  revolutions  on  account  of  the  poor  quality 
of  the  coal.  The  results  are  shown  on  Tables  IX  to  XI  and  Figs. 
31  to  33. 

63.  While  there  is  a saving  in  steam  and  coal  by  drainage 
it  is  small.  There  is  a gradual  improvement  in  the  perfonnance 
as  the  orifices  are  increased  in  diameter  with  the  least  quantity 
of  steam  used  at  J inch  diameter. 

Conclusions  (Cylinder  Drainage), 

64.  The  conclusions  are  that  with  cylinders  proportioned 
as  in  the  standard  H6b  locomotive  the  saving  under  the  usual 
running  conditions  is  not  sufficient  to  warrant  the  placing  of 
drainage  holes  in  the  cylinders.  With  cylinders  of  larger  diameter 
as  in  locomotive  No.  2846,  the  advantage  of  drainage  is  indicated 
when  using  saturated  steam.  It  appears,  however,  as  regards 
the  best  performance  of  a locomotive  using  saturated  steam  that 
proper  means  of  cylinder  drainage  should  be  provided  if  a fair 
comparison  of  results  is  to  be  made  with  those  of  a similar  loco- 
motive using  superheated  steam. 

65.  With  the  general  use  of  high  temperature  fire  tube  super- 
heaters, cylinder  condensation  is  eliminated  and  the  question  of 
drainage  is  now  of  minor  importance. 

Conclusions  (Superheater). 

66.  The  superheat  obtained  just  about  overcomes  the  loss 
due  to  the  reduction  in  boiler  pressure  and  in  this  respect,  the 
locomotive  does  what  is  expected  of  it — it  makes  possible  the  car- 
rying of  a low  boiler  pressure  with  its  advantages  in  a decreased 
first  cost  of  boiler  and  of  boiler  maintenance.  This  refers  to  the 
engines  only,  and  they  are  found  to  be  working  efficiently.  The 
results  are  disappointing  in  one  respect  only,  that  of  output  of 
power,  and  this  is  a very  vital  defect  in  a freight  locomotive — 
lack  of  hauling  power. 
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67.  It  is  evident  from  a consideration  of  the  results  of  these 
tests  that  the  boiler  of  the  locomotive  is  the  principal  part  at 
fault,  and  its  poor  showing  is  probably  due  to  the  baffling  action 
of  the  superheater  in  the  smokebox,  together  with  a drop  in  the 
steam  pressure,  in  its  passage  through  the  superheater. 

68.  If  the  baffling  effect  of  this  form  of  superheater  were 
decreased  by  wider  spacing  of  the  steam  pipes,  so  that  the  gases 
could  flow  more  freely,  it  is  probable  that  the  efficiency  of  the 
superheater  would  be  much  reduced. 

69.  These  test  results  should  not  have  the  effect  of  condemning 
all  forms  of  superheaters  for  our  locomotives,  as  there  is  nothing 
in  them  that  could  be  taken  as  casting  any  doubt  on  the  advan- 
tages of  superheating  as  a principal;  they  do  show,  however,  that 
a high  degree  of  superheating  is  very  desirable  and  even  necessary 
to  obtain  sufficient  increase  in  power  to  pay  the  cost  of  the  appli- 
cation of  the  superheater. 

70.  The  defects  of  the  boiler  could  have  been  shown  more 
clearly  by  a different  method  of  testing,  but  we  believe  that  nothing 
would  be  gained  by  repeating  the  tests  of  this  locomotive  in  its 
present  condition,  as  the  results  of  the  tests  contain  sufficient 
information  to  make  clear  the  limitations  of  this  particular  design 
of  superheater. 


Recommendations. 


71.  In  view  of  our  successful  use  of  high  temperature  fire 
tube  superheaters,  our  recommendation  is  that  no  more  loco- 
motives be  equipped  with  low  temperature  smokebox  superheaters, 
as  the  baffling  action  on  the  fire  and  the  low  boiler  pressure  which 
accompany  their  use  materially  decrease  the  coal  burning  rate 
and  cause  the  locomotive  to  be  deficient  in  power. 


Approved : 

J.  T.  Walus, 

General  Supt.  Motive  Power. 

Test  Department, 

Aetoona,  Penna., 

August  12,  1913. 


C.  D.  YOUNG, 
Engineer  of  Tests. 
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SUBJECT : Cylinder  Drained. 


4-28-1909 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Oaralicn 

of 

Teat, 


ThrottU 

Opening, 

Fuller 

Partial 


Actual 
Cut-aff 
Per  Cant, 
H.  P. 
Cylinder! 


!)ianetei 


ou' 
ecah 


11  Pressure 
I,  In  Boiler, 


Lbs.  per 
Sq.  Inch 


Smoke  Box, 
Inches 
of  Water 


Ash  Pan. 
Inches 
of  Water 


CaloriSc 
Value 
of  Dry 
Fuel, 

B.T.U.perLb. 


CIndors 
Collectod  In 
Smoko  Box, 
Pounds 
per  Hour 


ireCsIstt  Throttle 


196  I 199 


203 


268  to  271 


21 T 


248 


238 


1318 

1332 

1333 

1334 

1326 

1335 


TEST 

NUMBER 


80-40-F 

80-40-F 

eO-40-F 

80-40-F 

80-40-F 

80-40-F 


2 

0,5 

0.5 

0.6 

2 

0,5 


13.34 


13.34 


Pull 


35.6 

36.0 

35.6 

35.0 

35.9 

35.3 


None 
L/16  in. 
1/8  •• 
P.16  in, 

None 
1/0  in, 


160.B 

161,3 

156.9 

161.1 

201.2 

201,7 


BOILER  PERFORMANCE 


ENGINEPERFOItMANCE 


Dry  Fuel 
Fired 


Dry  Fuel 


Pounds  p«r 
Sq.  Ft  of 


to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F..  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

Heatlnglur, 


Per 

Pound 

of 

Dry  Fuel 


Power 

(34HU.ofE.) 


Efficiency 
of  Bailor, 
Based 


Branch  Pipe, 
Pounds 
per  Sq  In. 


Branch 

Pipe 

Degrees  F. 


340 


1318 

1332 

1333 

1334 

1326 

1335 


21726 

20344 

19224 

19944 

25910 

24256 


26366 

24524 

23160 

24051 

31455 

29407 


ENGINE  1 

PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 

to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuol 
per 

Indicated 

Horse 

PoarvHear, 

Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynimom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Effidoncy 

of 

Locomotive, 
par  Cent, 
(Based on  Fuel) 

214 

are 

380 

381 

266 

383 

384 

'385 

398 

399 

1318 

1332 

21394 

20098 

812.2 

640.6 

26.34 

23.90 

19649 

20030 

698.7 

712.3 

30.62 

28.22 

6^.6 

84.7 

1333 

18991 

797,3 

23.82 

19294 

686,1 

27.68 

86.1 

1334 

19616 

809.0 

24.25 

19783 

703.5 

27.68 

87,0 

1326 

25590 

1052,3 

24.32 

25799 

917.4 

27,89 

87.2 

1335 

23963 

1050,2 

22.82 

26027 

925,5 

25.89 

68.1 

Table  VIIL 

CYLINDERS  DRAINED.  25-INCH  CYLINDER. 
Three  sizes  of  outlet  at  cylinder  cock,  saturated  steam. 
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Fig.  28. 

CYLINDERS  DRAINED. 

Steam  per  horse  power  with  outlets  at  bottom  of  cylinder,  25-inch  cylinders  and  saturated  steam.  Steam 
pressure  160  pounds.  Speed  m.p.h.,  cut-off  40  per  cent.  There  is  a decrease  in  the  steam  used  up  to  |-inch 
outlets. 
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Fig.  29. 

CYLINDERS  DRAINED. 

Steam  per  horse  power  with  outlets  at  bottom  of  cylinder.  25-ir»ch  cylinders  and  saturated  steam. 
Pressure  160  pounds. 
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Fig.  30. 

CYLINDERS  DRAINED. 

Steam  per  horse  power.  Steam  pressure  205  pounds. 
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TEST 

NUMBER 
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BOILER  PERFORMANCE 


TEST 

DESIGNATION 


Dvralion 
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Milos 
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Hour 
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Actual 
Cut-off 
Per  Cent, 
H.  P. 
Cylinderi 


Size 

of 

Orifice 


Preswro 
In  Boiler, 
Lba.  per 
Sq.  Inch 


Smoke  Sox, 
Inches 
of  Water 


Draft 

In 

Ash  Pan, 
Inch  at 
of  Water 


Calorific 
Value 
of  Dry 
Fuel, 

B.T.U.perLb. 


Cinders 
Collected  in 
Smoke  Box, 
Pounds 


A.  f. «.  Cal-oll  1 


196 


199 


268  to  271 


217 


222 


225 


248 


1200.306 

1200.307 
1200.306 

1200.309 

1200.310 

1200.311 


80-30-F 

80-30-F 

80-30-F 

80-30-F 

80-30-F 

eO-30-F 


1.0 

1.0 

1.0 

1,0 

1.0 

1.0 


13.00 

13.00 

13.00 

13.00 

1.3.00 

13.00 


Full 


31.1 

30,9 

32.0 
30.8 

31.0 
31.5 


1/32 

1/16 

1/8 

3/16 

1/4 

5/16 


204.4 

204.0 
203.7 
203.9 

204.1 

201.4 


2.5 

2.5 

2.5 

2.4 

2.3 

2.3 


0.1 

0.1 

0.1 

0.1 

0.1 

0.1 


13920 

13920 

13920 

13920 

13920 

13920 


BOILER  PERFORMANCE 


EN6HIE  PE  FOBMAMCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hoar, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Paunds 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212®  F.,  POUNDS 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heatinir  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Horse 

Power 

OAKU.ofE.) 


Efficiency 
of  Boiler, 
Based 


Pressure 

Id 

Branch  Pipe, 
Pounds 
p»r  Sq.  In. 


Superheat 


Pip. 

Degrees  F. 


338 


339 


340 


349 


350 


1200.306 

1200.307 

1200.308 

1200.309 

1200.310 

1200.311 


2478 

2479 
2383 
2322 
2289 
2339 


50.93 

50.95 

48.97 

47.72 

47.04 

48,07 


19688 

19608 

19608 

19266 

19438 

19243 


23640 

23584 

23596 

23186 

23412 

23150 


9.44 

9.41 

9.42 
9.26 
9.35 
9.24 


9.54 

9.51 

9.90 
9.99 

10.23 

9.90 


685.2 

683.6 
683,9 
672.1 

678.6 
671.0 


66.19 

65.98 

68.69 
69.31 
70,96 

66.69 


TEST 

NUMBER 

E 

NGINE  1 

PERFORMANCE 

LOCOMOTIVE  PERFORMA 

NCE 

SSB 

Dry  Sloam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Hone 

Power 

Dry  Fuel 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hoar, 
Pounds 

Dnwbar 

Pull, 

Pounds 

Dynamemotor 

or 

Drawbar 

Hone 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 

per 

Dynamom. 

Hone 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotlvo, 
Per  Cent. 

Therninl 

Efficiency 

of 

LecomeUvo, 
per  Cent, 
(BaaedonFvell 

214 

379 

380 

381 

266 

383 

384 

386 

398 

399 

1200.306 

1200.307 

1200.308 

1200.309 

1200.310 

1200.311 

19351 

19190 

19283 

18996 

19101 

18957 

808.9 

819.2 

821.8 

810.0 

020,7 

806.9 

3.03 

2.90 

2.87 

2.79 

2.90 

23,92 

23.43 

23.46 

23.45 

23,27 

23.49 

20bbb 

21068 

21032 

20514 

20784 

20336 

“73371 

751.4 

750.1 
731.6 

741.2 

725.3 

3.38 

3,30 

3,10 

3.17 

3.09 

3.22 

2b.4U 

25.54 

25.71 

26.97 

25.77 

26,14 

96.8 

91.7 

91.3 

90.3 

90.3 

89.9 

“5741 

5.54 

5.75 

5,77 

5.92 

5.66 

Table  IX. 

CYLINDERS  DRAINED. 

H6b  locomotive,  22-inch  cylinders  with  outlets  at  cylinder  cocks.  13  miles  per  hour. 
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VU  P.  8e«  A-Slilli  ll■«.ln 

Pennsylvania  Railroad  Company  suiietm  ko  is 

LOCOMOTIVE  ■ PhiU4»lphi«,  Billimor*  & Wnhiii|t«ii  Railrotd  Campan|r  • 

Norlhern  Caniral  Railway  Campany 

TYPE  2-8—0  Waal  Jaraay  & Saaahara  Railraad  Campaay  FUEL  I aJOalSOn 

CLASS  H6b  XES-r  DERARXMENT  COal 

NUMBER  2660  Average  Results  of  Locomotive  Tests 

SUBJECT  ; Cylinder  Drained.  Altoona,  Pa.,  6-6-1909 

TEST 

NUMBER 

RUNNING  CONDITIONS  | 

1 BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Teal, 

Hours 

ailes 

pet 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cul-aff 

Per  Cent., 

H.  P. 

Cylinders  I 

Size  1 

Of 

Irifice  1 

Pressure 

1 In  Boiler, 
j|  Lbs.  per 
||  Sq.  Inch 

0.-:»t 

In 

Smoke  Bea, 
IncLos 
of  Water 

Drift 

In 

Ash  Pen. 
Inches 
of  Water 

CalorlAc 
Value 
ef  Dry 

Fuel, 

8.T.  U.perU. 

Cinders 
Collacted  In 
Smoke  Bea, 
Pounds 
per  Hour 

1. 1.  a.  Cal  alf  Tluatlla 

196 

199 

203 

268  la  2?l 

1!  2’"^  i 

1 222  1 

226  1 

248 

238 

1200.300 

1200.301 

1200.302 

1200.303 

1200.304 

1200.305 

80-40-F 
80-40-F 
eo-40-p 
80-40-F 
80-40- P 
80-40-F 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

13.00 

13.00 

13.00 

13.00 

13.00 
13.00 

Pull 

If 

t» 

• t 

M 

II 

38.7 

40.1 
39.6 
38.9 
38.0 

39.2 

l/321n, 
1/16  " 
1/6  •• 
3/16  " 
1/4  •• 

5/16  •• 

204.7 

204.6 
203.9 

203.6 
204.3 
205.0 

3.5 

3.4 

3.5 
3.3 

3.3 

3.4 

0.1 

0.1 

0.2 

0.1 

0.1 

0.1 

13920 

13920 

13920 

13920 

13920 

13920 

TEST 

NUMBER 

BOILER  PERFORM 

lANCE 

EII6IIIE  PERFORMANCE 

Drjf  Fuel 
fired 
per  Haur, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  FI.  of 
Grata 

Wator 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

equivalent  evaporation 

FROM  AND  AT  2l2o  F..  POUNDS 

Boiler 

Horse 

Power 

(34SU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pratiur* 

In 

Branch  Pipe, 
Peundi 
perSq  In. 

Superheat 

in 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Haur 
per  Sq.  Ft. 

of  fire 
Heatinq  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

360 

II 

220 

230 

1200.300 

1200.301 

1200.302 

1200.303 

1200.304 

1200.305 

3331 

3220 

3302 

3211 

3080 

3062 

68.46 

66.17 

67,86 

65.99 

63.30 

62,93 

23810 

24020 

23670 

23330 

23475 

23600 

28622 

28921 

28521 

28100 

28274 

28427 

11.42 

11.54 

11.38 

11.22 

11.29 

11.35 

8.59 

8.98 

6.64 

8.75 

9.18 

9.28 

829.6 
830.3 

826.7 

814.5 

819.5 
824.0 

59.60 

62.31 

59,95 

60.71 

63.69 

64.39 

TEST 

NUMBER 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

Dry  Steam 
to 

Engintt, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Day  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

ladicaled 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Oynanomeier 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynimem, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynimom. 

Horse 

Power  Hour 
Pounds 

Machine 

Efficiency 

of 

Loeomotlva, 

‘ Pof  Cent. 

Thereitl 

Efficiency 

of 

Lecomotlye, 
per  Cent, 
(Bated on  Fuel) 

214 

379 

380 

381 

266 

383 

384 

365 

398 

399 

1200.S0C 

1200.301 

1200.302 
1200,302 
1200.304 
1200.30! 

23493 

23639 

23354 

23048 

23191 

23302 

967.2 

976.2 

971.2 
959.5 
972.0 
969.7 

3.44 

3.30 

3.40 

3.35 

3.17 

3.16 

24.29 

24.22 

24.05 

24.02 
23.86 

24.03 

24821 

25051 

24556 

24484 

24979 

24900 

860.4 

866.4 
851.2 

848.7 

865.8 
863.1 

5.87 

3.71 

3.88 
3.78 
3.56 
3.55 

27.30 

27.22 

27.44 

27.16 

26,78 

27,00 

1 89.0 

89.0 
87.6 

i 88.5 

89.1 
' 89.0 

4.72 

4.93 

4.71 

4.84 

5.14 

5.15 

Table  X. 

CYLINDERS  DRAINED. 

H6b  locomotive,  22-inch  cylinders  with  drainage  outlets  in  cylinders.  13  miles  per  hour. 
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M.  P.  8g«  A-8l»th  Sheet 
* X lo>4 

LOCOMOTIVE : 

TYPE  2-6-4) 
CLASS  H61)  .. 
NUMBER  2060. 


Pennsylvania  Railroad  Company 

PhileSelphie,  Baltimore  * Waahhigtoa  RhilraaS  Campaair 
Nerlhani  Caalral  Railway  Caeapaay 
Waal  Jaraay  & Saaakora  RailraaS  Campaay 
TEST  OERARTMENT 


Bolletia  90.13 
FUEL:. 


Coal 


Average  Results  of  Locomotive  Tests 

SUBJECT  : Cylinder  Draineda  Altoona,  Pa., 


6-8-1909 


TEST 

NUMBER 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

DESIGNATION 


Duration 

of 

Teat. 


Opaniag, 
fall  or 


Actual 
Cut-off 
ParCoiit, 
H.  P. 


Size 

of 

>rifice| 


Presturo 
In  Boiler, 
Lbi.  per 
Sq.  Inch 


0.-sft 

hi 

Smoko  Bo>, 
Inchci 
of  Water 


Draft 

in 

Ath  Pan. 
inchoi 
of  Water 


CaloriSc 
Value 
of  Dry 
Fool, 

B.T.  U.porlb. 


Cindera 
Colloctod  in 
Smoke  Box, 
Pounds 
par  Hour 


I.  P.  E Cut-off  Throttti 


199 


217  j 222 


226 


246 


2se 


1200.312 

1200.313 

1200.314 

1200.315 

1200.316 

1200.317 


TEST 

NUMBER 


100-45-P 
100-4 5-F 
100-45-P 
100-45-P 
100-45-F 
100-4 5-F 


0.5 

0.5 

0.5 

0.6 

0.6 

0.5 


16.25 

16.25 

16.25 

16.26 
16.25 
16.25 


Ftxll 


45.0 

45.1 
45.1 
45.4 
44.6 
45,0 


L/32  ini 
1/16 

1/8 
5/16 
1/4  •• 
/16  "j 


204.6 

203.0 

201.3 

202.0 

198,0 

193.3 


5.4 

5.7 

5.7 

5.4 

5.3 

5,0 


0.2 

0.2 

0.2 

0.2 

0.2 

0.2 


BOILER  PERFORMANCE 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Walw 
Delivered 
to  Boiler, 


EQUIVALENT  EVAPORATION 
FROM  ANO  AT  212®  F..  POUNDS 


Per  Hour 
per  Sq.  Ft 

Heal^'lur. 


Power 

OAHU,  of  E.) 


EEclency 
of  Boiler, 
Basmi 


ElieiNE  PE  FORMANGE 


Branch  Pipe, 
Paundi 
par  Sq  In. 


Superheat 

In 

Branch 

Pipe 

DtgrcM  F. 


339 


340 


345 


349 


230 


1200.312 

1200.313 

1200.314 
1200. 31£ 

1200.316 

1200.317 


31772 

31492 

31442 

31312 

30602 

30108 


38165 

37801 

37827 

37707 

36838 

36225 


15.23 

15.12 

15.10 

15.05 

14.70 

14.46 


1106.3 

1098.0 
1095.6 

1093.0 
1067,8 

1050.0 


TEST 

NUMBER 


ENGINE  PERFORMANCE 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


Dry  Fuel  Dry  Steam 


Indicated 

Horse 

Power  Hour, 
Pounds 


Power  Hour, 
Pounds 


LOCOMOTIVE  PERFORMANCE 


Pull, 

Pounds 


Drawbar 

Horse 

Power 


Dry  Fuel 
per 


Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Dynamom. 

Herse 

Power  Hour, 
..P.gj.'r^L. 


Machine 

Efficiency 

of 

Lecemellve, 
Per  Cent. 


Effidency 

of 

Locomotive, 

perCenL, 

(BaiodonFuell 


214 


3T9 


380 


266 


3B3 


366 


398 


399 


1200.31;: 

1200.313 

1200.314 

1200.315 

1200.316 

1200.317 


31306 

31089 

31006 

30933 

30232 

29744 


1259.1 

1259.8 
1256,4 

1245.9 
1226.6 

1191.9 


24.86 

24.68 

24.66 

24.83 

24.65 

24.96 


25638 

25801 

25637 

25537 

25336 

24735 


1110.9 

1118.0 

1110.9 

1106.5 

1097.8 

1071.8 


28.18 

27.81 

27.91 

27.96 

27,54 

27.75 


68.2 

88.7 

68.4 

80.8 

89.5 
89.9 


Table  XI. 

H6b  locomotive,  22-inch  cylinders  with  drainage  outlets.  16  miles  per  hour. 
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M.  P.  4»C 


I » 


LOCOMOTIVE : PENNSYLVANIA  RAILROAD  COMPANY 

Pbu^osltbu,  Bu.TiaoRi  A.  WuvnfeTON  Railroad  CoarAar 

TYr'E...£mn^ NOBTaEBM  C»»T«Ai.  Hailwat  CoarAur 

CLASS  AftP. No....MjHQL  Wht  Jiuit  A Hsaamobi  EAnaoAU  Couamt 

TEST  DEPARTMENT  BolletitlNO 13 

SHEET  No«_.F-fi.6lQ 

ClyllndBra..l)]nUAed« Altoona.  Pa..„ 


Fig.  31. 

CYLINDERS  DRAINED. 

Speed  13  m.p.h.,  Cut-off  30  per  cent  The  steam  rate  decreases  as  the  outlet  is  enlarged  up  to  J inch. 
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M.  p.  me 

IjOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

TYPE  2"6»»Q  PnLASBLniA,  Butimobb  h WAanaaToa  Sailbobb  Comtmiv 

no£/\  CBBTmAi.  Hailwat  CoBPAirr 

CLASS  ...SpJ?. NO.-SSSSL  WB»r  Jbmt  B asAiaosa  lUnjtoAO  Oowabt 

TEST  DEPARTMENT 

SHEET  No ...f-iSol*. 

CyliaAers  


- «»PH 

M-u-n 

Bolletin  NO...JLS 

Altoona.  Pa., 


Fig.  32. 

CYLINDERS  DRAINED. 

Speed  13  m.p.h.,  cut-off  40  per  cent  Tests  at  a longer  cut-off  than  in  Fig,  31. 
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Fig.  33. 

CYLINDERS  DRAINED. 

Speed  1 6 m.  p.  h.,  cut-off  45  per  cent.  Tests  at  a higher  speed  than  in  Figs.  31  and  32. 
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M.  P.  se4A 
xxWJ* 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE  2-8-0 

CLASS fifilfe  

NUMBER  2846  Average  Results  of  Locomotive  Tests 
SUBJECT:  ^i^ebox  Superheater  Altoona,  Pa., 


Philadalphit,  Baltimore  A Waahinotaa  Railroad  Oamaami 
Norlharn  Central  Rallwagr  Comoaiqr 
Wetl  Jertay  A,  Saashore  Railroad  Company 
TTCST  oe:P>ARXIS/IE:(MX 


Bulletin  Hb.lS 

test  nos.,  1301 

to  1331 


DRIVING  Wheels 

1 

Number  of  Pairs  4 - 

2 

Approx.  Diameter,  inches 56 — 

74 

Engine  Truck  Wheels 

76 

14 

16 

TRAILING  Wheels 

78 

16 

Diameter,  inches « 

80 

Wheel  Base,  Feet 

17 

Driving  Wheel  Base 16.25  -- 

82 

te 

Total  Wheel  Base - 

83 

64 

•• 

WEIGHT  OF  ENGINE  WITH  WATER  | 

AT  20.  GAGE  OOCK  AND  NORMAL  | 

FIRE.  POUNDS  1 

86 

20 

AnTnirk 

86 

21 

• lit  Drivers 

22 

n 2d  * — ' 

90 

23 

“3d  * 

94 

24 

“ 4th  ‘ 

26 

“ 5th  “ — 

98 

26 

“ Trailers sa=* — 

102 

27 

Total 

26 

“ on  Drivers  — 

113 

Cylinders 

114 

Diam.  and  Stroke,  H P_ 25.^^ 

“ “ “ L.P — 

116 

clearance  in  per  CENT.  CF  PISTON 

lie 

DISPLACEMENT 

40 

H.  P.  Right,  Head  End 10 

118 

41 

• “ Crank  “ 11 — 

42 

• Left,  Head  “ . 12 

119 

43 

“ ' Crank  “ U— 

124 

44 

L.  P.  Right,  Head  “ J T 

46 

* “ Crank  “ ** 

126 

46 

“ Left,  Head  “ -a* 

126 

47 

* “ Crank  “ 

128 

RECEIVER,  Cubic  Feet 

48 

Vnliime  Right  Side 

I 132 

43 

• IpP  ••  ... 

133 

Steam  ports.  Inches 

137 

60 

N,  P,  Admlttinn,  length  a 

6 1 

“ “ Width  s 

58 

L.  P.  “ Length • 

144 

59 

“ “ Width.  • _ 

146 

66 

H.  P.  Exhaust,  Length  Ho  

146 

67 

“ ' Width  ” 

70 

L.  P.  “ Length •• 

7 1 

“ “ Width  , , A 

Piston  Rods,  Diameter 

INCHES 

High  Pressure  — _ — S^SS_ 

Low  * **._ 


Tail  rods,  Diameter, 
inches 

High  Pressure 

Low 


Per  Cent.  Balanced. 

Type  of  Valve  WntinnWalSOhertB 
Greatest  valve  travel 

High  Pressure,  inches &a.7.6 

Low 

Steam  Lap  cf  valve 
High  Pressure,  inches 
Low 

1 

High  Pressure,  inches 
Low  • 

BOILER 

TyppBelpairi 

Outside  Diam.  Ist  Bin] 

Number 

Outside  Diam.,  inchei 
Pitch 

Length  Between  Tube 
Sheets,  inches. 

Total  Fire  Area,  sq.  ft 
Boiler  Pressure,  pounds 

Superheater 

Number  of  Tubes 

Outside  Diam.  * inches. 

Length  of 

Firebox,  inside.  Inches 

Length llBa.3_ 

Width 

Air  Inlets  to  Ashpan, 

sq.  ft 

Grates 

Type  Rooking  Finger  

Grate  Area,  sq.  ft. 

Area  of  bead  Grates £L 


336 


JU26- 


65.0 


Heating  surface, 
SOUARE  feet 


164 

Of  the  Tubes,  Water  Side 

2673.7 

166 

“ “ • Fire  “ 

2339.2 

166 

“ “ Firebox,  “ 

166.1 

167 

“ * Superh’r,  “ 

369.0 

*158 

Total.  Based  on  “ 

2595a3_ 

169 

a .... 

of  Firebox  and 

Water  Side  of  Tubes 

2889.7 

BOILER  VOLUME 

WITH  WATER  SURFACE  AT  LEVEL 

OF  20  OAaC  COOK 

160 

Water  Space,  cu.  ft. 

350 

161 

Steam  “ “ “ 

ai_ 

Exhaust  nozzle 

Ooiihle  nr  Single 

Slagle 

n 

i 

Si?®,  inches 

5.625 

I 

Reverse  lever 

n 

H.  P.  Natnhai  Fra^ard  of  Center  22 

i 

L.  P.  Notches  Forward  of  Cente 

Ratios 

1 t71 

Heating  Sur^ce  USB)  to 

Grate  Area  (145) 

51.5' 

172 

Fire  Area  Thru  Tubes  il19) 

to  Grate  Area  (145) 

.1 

173 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145) 



174 

Tube  Heating  Surface  (155) 

to  Fire  Box  Keating 

Surface  (156) 

14.1 

•USED  m OALOULATMNS 


Table  XII. 

Dimensions  of  superheater  locomotive  2846. 
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GRAPHICAL  LOGS  OF  TESTS. 

A graphical  log  is  made  for  each  test 
to  show  the  condition  at  each  ten-minute 
interval,  and  to  indicate  any  irregularity  in 
the  weights  of  coal  and  water  during  the 
run.  These  diagrams  are  on  file  with  the 
Test  Plant  records.  A few  representative 
ones  only  being  shown  here. 
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Graphical.  Log  of  Locomotive  Test 


Auooha,  Pa..  3-23-1909 


UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  2-8-0 
Class  H6b 
Number  2846 


AO  SO  I 10  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Spe«a 

Cirt-off 

Per  C«rt., 

H,  P. 

Throttle 

Eeaporetioe 

in 
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pMfiide  of 
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Fell 

Wster  per 
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Nlni<t« 

•r 

Poend  of 

Hour 

CjrHnderi 

Ptrtini 

Coal 
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80 

40 

p 
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Test  nq.  15Q2 
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Pennsylvania  Railroad  Company 
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WCST  JCnCT  A SCACMOW  Railaoao  ComPANT 

TEST  DEPARTMENT  Bulletin  NO  13 

Graphical  Log  of  locomotive  Test 

Altooma.  Pa..  3—24—1912 


;UPPEB  FIGURES  R.  P M. 
I-OWER  FIGURES  APPROX. 
SPEED  IN  MIUES  PER  HOUR 
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LENGTH  OF  TEST MINUTES  AND  HOURS 
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Pennsylvania  Railroad  Company 


Sheet  No. £=fife§_ 

anokebosL  SBperi»eater 


TEST  DEPARTMENT  Bolletla  NO IS 

Graphical.  Log  of  Locomotive  Test 

altoom.  pfi»24«1913 


UPPER  FIOURES  R.  P.  M 
LOWER  PIOURCS  APPROX 
SPEED  IN  MILES  PER  HOUR 


lO  SO  30  40  SO  I lO  20  30  40  BO  g Q 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Locomotive 

Type 

Class 
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in 
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Cut-off 
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K.  P. 
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or 
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Poead  of 

Coal 
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50 

P 
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Pennsylvania  Railroad  Company  *•'“** 

SalTIMUMC  a WAtHlMOrON  RAtl.AOAn  CnMPANr 

Nortmcrm  Ccmiaal  Railway  Compamt 

WUT  JKMCT  ^ SCAtHOAC  RailiIOAO  C«>MPANV 

Sheet  Mq  test  department  Bulletin  No ia_ 

GRAPHICAI.  LOG  OF  LOCOMOTIVE  TEST 

SoDoKelKix  Superheater  altoona.  pa..  3~30-1909 
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Northern  Central  Railway  Company 
West  Jersey  4.  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin  NO. 

Graphical  Log  of  Locomotive  Test 


H 9 1*11 
*s  lOK 


Smoke box  Superheater 


Altoona  Pa.  3-30-1909 


^SUPPER  PIOUPES  «.  P M 
UOWeP  FiOUPES  APPPOX. 
SPEED  IN  Mtues  PER  HOUR 


30  40  SO  j 10  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Locomotive 

TVPE  8-6i0 


Number  2844- 


Speed 

IR 

Miles 

Pr 

Hour 

RevolutioRS 

per 

Mliuto 

Cut-off 

Per  Ceot., 

H.  P. 
Cylinders 

Throttlp 
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Sheet  No  

SBBokeboK  Supexiie&ter 


TEST  DEPAt^TMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


NO  ...13. 


AiTooNA.  Pa.,  3w31-»1909 


U:  UPPER  FIGURES  R.  P.  M. 
UOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


lO  40  SO  I lO  20  30  40  SO  ^ ^O 

LENGTH  OF  TEST— MINUTES  AND  HOU.RS 


Locomotive 
Type  


Class  H6b 
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Wist  JiRsir  St  SCAWonc  Rahjmmo  Comsamt 

TEST  DEPARTMENT 


Bulletin  No — IB 


Graphical  Log  of  Locomotive  Test 


Smokeboic  Superheater 


Altoona.  Pa.. 4-2-1909 . 


OUPPER  PIOOReS  R.  P.  M. 
UOWSR  rieURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  


30  AO  SO  I lO  20  30  40  SO  ^ 10  SO 
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Pennsylvania  Railroad  Company 


Sheet  No.  P-670 


SbokelMZ  Superheater 
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TEST  DEPARTMENT  Balletia  No  13 

Graphical  Log  of  Locomotive  Test 

Altoona.  Pa.,  4»2i»1909 


L.owcn  pu 


O 10  20  30  40  BO  I 10  20  30  40  60  ^ 

• M.  LENGTH  OF  TEST — MINUTES  AND  HOURS 


Locomotive 

T VPP-  Z*6kO 


Class. 
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1* 

miM 

Rf 
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lUvshitlM* 

pw 
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TEST  DEPARTMENT 


Bulletin  Ha  13 
Graphical  Log  cp  Locomotive  Test 
Smokebox  Stgpet%&»Xer  » Siq>eTb&ater  Beseved  altoom,  pa..  4-'&-1909- 


lUPPER  FIGURES  R.  P.  M. 
l_OWER  FIGURES  APPROX. 
SPEED  IN  MIUES  PER  HOUR 


LOCOMOTIVE 

Type 

ClasSl.  asv 

Number 284^- 


io  ao  30  AO  50  I lo  ao  30  ao  50  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


10  20  30  AO  50 
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HI 
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H.  P. 
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Pounds  of 
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Pound  of 

Coal 
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Altoorr.  Pa..  4-^-1909 


:UPPER  FIGURES  R.  P.  M 
UOWER  FIGURES  .c^RPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type 
Class  I6b 
Number  2846 


so  30  40  SO  I lO  20  30  40  SO  ^ ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 
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«UPPe<*  FIGURES  R.  P.  M. 
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•SUPPER  PIOURES  R.  P.  M. 
UOWER  PIGURES  APPROX. 
SPEED  IN  Mll.ES  PER  HOUR 


Locomotive 

Type. 

Class 

Number  2dd6 
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in 

MIIm 
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Revolatloiit 
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Mliuto 

Cirt-off 
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K.  P. 
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UPPER  FIGURES  R.  P.  M . 
LOWER  FIGUR  es  APPROX 
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